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EDUCATION.—Education for the Age of Technology. 8S. B. InGram.2 (Commu- 
nicated by F. L. Campbell.) 


I have chosen for a title around which to 
organize the thoughts I wish to put before 
you today Education for the Age of Tech- 
nology. I should like first to talk about our 
technical manpower needs and then go on to 
some implications that these have for our 
American educational system. 


THE AGE OF TECHNOLOGY 


The first point I wish to make is that to- 
day is indeed the Age of Technology in 
which educated, technically trained people 
are at a premium as never before. The im- 
pact of science upon our civilization has 
been so great that it is the controlling fac- 
tor, whether we like it or not, in our culture. 
The technological character of our civiliza- 
tion has the profoundest effect on our poli- 
tics, on our international relations, on our 
economic institutions, on our daily lives 
and finally, our particular interest here to- 
day, on our educational system. 

The rate of social progress is paced by 
the rate of technological progress. Within 
our own country we experience the stresses 
and strains of trying to adjust our social 
structure to the rapid changes which have 
occurred in our material way of life. Exter- 
nally, we find ourselves caught up in a con- 
test between two competing ideologies. We 
know that the laurels will ultimately go to 
the side that can establish and maintain 
the greatest rate of technological advance, 

‘Presented at a meeting sponsored by the D.C. 
Council of Engineering and Architectural Socie- 
ties and the Washington Academy of Sciences on 
Engineers, Scientists, and Architects Day at Wash- 
ington, D. C., on February 25, 1959. Published 
jointly with the Journal of Engineering Education. 

* Director of education and training, Bell Tele- 
phone Laboratories, Inc., Murray Hill, N. J., and 


vice-chairman, Engineering Manpower Commis- 
sion of Engineers Joint Council. 


and we know that this is true whether the 
goal of the contest is the peaceful one of 
providing the highest standard of living for 
all the people of a nation or the grim one of 
military victory in the ultimate struggle of 
modern nuclear and electronic war. 

Education plays a key role in determining 
the rate of technological advance because it 
is through our educational system that we 
develop the abilities of those members of 
society whose numbers and quality are crit- 
ical in this determination, our scientists and 
engineers. Less and less is the work of the 
world done by unskilled and semiskilled 
labor. More and more are highly skilled and 
highly trained people needed by our society. 
Our greatest need has shifted from man- 
power to brainpower, and since we are 
concerned with the rate of technological 
progress our need is more and more for tech- 
nological brainpower. 


POTENTIAL OF TECHNOLOGICAL MANPOWER 


The second point I wish to make is that 
our potential of technological manpower has 
a very definite limit, and we are not far 
from reaching this limit at the present time. 
I shall illustrate the point specifically by 
some figures with respect to our capacity 
to produce people trained in engineering, 
since the same line of reasoning can be ap- 
plied with equal force to those trained in 
other technological fields like science and 
architecture. 

At the present time only about 9 percent 
of our college entrants or 15 percent of our 
male college entrants have the interest, the 
aptitude, and the necessary preparation to 
embark on engineering courses and only 
about half of these graduate. Engineering 
educators estimate that only those young 
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people scoring above 120 on the Army Gen- 
eral Classification Test are capable of suc- 
cessfully completing engineering training. 
This is about 17 percent of the age group. 
Now this does not mean, by any stretch of 
the imagination, that all these 17 percent 
may be regarded as potential engineers. Far 
from it. In the first place, half of these are 
women, and while experience has shown 
that we can get a small number of scientists 
and a smaller number of engineers from this 
group, barring a social revolution, we can 
not count on them to contribute in substan- 
tial numbers to our reservoir of potential 
engineers. This brings us from 17 percent 
down to 8% percent. Now we have to con- 
sider that this remainder has to supply not 
only the engineers we have in our society 
but also members of the other professions 
and occupations which make the same high 
demands on intellectual capacity that engi- 
neering does. In the past, engineering has 
succeeded in getting about one-fourth of 
these. It is a question of how much higher 
this figure can go. We certainly can not put 
all our highly intelligent people in engineer- 
ing, and very many of them would not be 
successful at it even if they tried. It takes 
a lot of other things besides intelligence to 
be an engineer. It takes a mathematical 
mind. It takes an interest in physical things 
and physical phenomena. Engineering does 
not give an adequate outlet for some of the 
other basic aptitudes and interests which 
intelligent people ha-e. Many a successful 
lawyer, journalist, or social scientist would 
be wasted as an engineer, and besides our 
society needs these people in those fields 
into which their aptitudes and interests 
properly channel them. So if we assume that 
we will not be able to increase this fraction 
of one-fourth substantially, we conclude 
that about one-fourth of the 84 percent or 
about 2 percent of the 2,200,000 young peo- 
ple coming of college age each year is our 
potential capacity for the production of en- 
gineering graduates. This number is 44,000. 
It is not far above the 35,000 engineers we 
graduated last year. Even this 2 percent 
figure does not represent ultimate additions 
to our national engineering force because it 
takes no account of losses of trained engi- 
neers to other occupations. Dael Wolfle (1) 
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reports a study made in 1953 on a large 
sample of college graduates of the classes of 
1930, 1940, and 1951. Of this group of engi- 
neering graduates, only 64 percent were do- 
ing professional engineering work as of 
1953. We thus lose about one-third of those 
we graduate as engineers from our engineer- 
ing schools and in return we gain compara- 
tively few to the profession from other 
sources. A more realistic figure then for our 
capacity to add to the engineering segment 
of our labor force is 14% percent, and this, 
I believe, is one we can hope to exceed only 
with considerable difficulty. 


NEED FOR TECHNOLOGICAL MANPOWER 


My third point is that our need for tech- 
nically trained people has increased con- 
tinuously in the past and may be expected 
to do so in the foreseeable future. A National 
Science Foundation study on our scientific 
personnel resources (2) traces the growth in 
the percentage of our population engaged in 
professional work in science and technology 
over an 80-year period from 1870 to 1950. 
This percentage was, in 1870, 1910, and 
1950, 0.03, 0.2, and 0.7, respectively. The 
basis for this steady increase, of course, has 
been the continuous growth in the complex 
technological nature of our civilization over 
this 80-year period. Certainly, we can say 
that this growth has continued over the dec- 
ade since 1950. I know of nobody, certainly 
no responsible spokesman for science, who 
is willing to predict any cessation in this 
trend. It, therefore, seems a valid procedure 
to extrapolate this curve upward. 


PERMANENT SHORTAGE OF TECHNOLOGICAL 
MANPOWER 


My fourth point, which is a corollary of 
my points 2 and 3, is that our needs for 
technically trained people, which we have 
always been able to satisfy in the past, may 
shortly be expected to outrun permanently 
our ability to satisfy them. This means that 
our shortage of scientists and engineers has 
become chronic. 

It is interesting to compare the 0.7 per- 
cent figure, which I just quoted, and which 
since 1950 may well have increased to 
nearly 1 percent with the 14% percent fig- 
ure for our capacity to produce engineers, 
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which I cited previously. The figures are not 
directly comparable since the first one in- 
cludes not only engineers but also all pro- 
fessional technical people, and the second 
one is our rate of production of engineers 
and not their total number. Nevertheless, 
I believe, that with a more careful analysis 
of these figures than I am prepared to make 
here, one can satisfy himself that we will 
very shortly reach the point where we will 
always need more scientists and engineers 
than we are able to produce. This does not 
say that in times of business recessions, like 
last year, there may not appear to be tem- 
porary easing of the shortage, but this is a 
transient market condition associated with 
the business cycle and we should not be mis- 
led by it. When business turns upward 
again, the engineer and scientist shortage 
will be back with us once more and in a 
more acute form than ever. 


IMPLICATION FOR EDUCATIONAL SYSTEM 


So much for our needs for technically 
trained people in the Age of Technology. 


What are the implications of the Age of 
Technology for education? Actually, it has 
implications for every phase and at every 
level of our educational system. 

To begin with, in assessing our educa- 
tional system, it is important to do so with 
respect not to the world of today but to that 
of tomorrow. For it is in tomorrow’s world 
that the school children and the college stu- 
dents of today will take their places as con- 
tributors to our society. Education must, 
therefore, take a long range point of view. 
Specifically, what can we do to educate ade- 
quate numbers of scientists and engineers 
to fill the needs which, I hope I have con- 
vinced you, exist today and are going to 
grow more acute as time goes on? How long 
it takes to observe any noticeable change in 
our output of engineers, after we take spe- 
cific action to increase it is illustrated by 
an experience only too fresh in the minds 
of many of us. Between World War II and 
the Korean War we misjudged our techno- 
logical manpower needs. Official govern- 
ment sources, as well as general public opin- 
ion, supported the view that our needs for 
engineers were amply provided for and that 
opportunities in the engineering profession 
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were limited. It was not until after the out- 
break of hostilities in Korea in 1950 that 
we awoke to the fact that we were facing an 
engineer shortage instead of an engineer 
surplus. Although the nature of the shortage 
immediately became obvious to employers 
of engineers, to placement officers of engi- 
neering colleges and to those in Govern- 
ment concerned with manpower problems, 
it was not until six years later, in 1956, that 
the curve of engineering graduates turned 
upward. It took two years of market stimu- 
lation, government-backed publicity, and 
strong public leadership to overcome the in- 
ertia of the public attitude toward the pro- 
fession and its opportunities, plus four more 
years, the length of an undergraduate col- 
lege course, before any effective increase in 
the rate of production of engineers could be 
observed. In other words, the lead time for 
the production of engineers is at least six 
years. 

Since we must be looking at least 6 years 
ahead it is obvious that we should not allow 
ourselves to fall into the trap of responding 
to the short-term fluctuations of the busi- 
ness cycle. As far as national policy is con- 
cerned, we can hope for a basic enough un- 
derstanding of the problem on the part of 
those who determine it to prevent this, but 
unfortunately, we do not determine as a 
matter of national policy, as for example 
they do in Soviet Russia, how many high- 
school graduates enter engineering school 
in a given year. This is done by the high- 
school graduates themselves. There is some 
recent disturbing evidence that they may 
be very sensitive to the immediate state of 
the market. The first Russian sputnik went 
up in October 1957. Something like a near 
panic gripped the nation. Science and engi- 
neering and their national importance were 
brought into the focus of public attention 
as never before. General expectation was 
that engineering freshman enrollments 
which had been slowly and steadily increas- 
ing in recent years would take a sudden 
spurt upwards in the fall of 1958. What 
happened? They actually turned downward. 
The United States Office of Education tells 
us (3) that freshman engineering -enroll- 
ment decreased 11.1 percent below that of 
1957, whereas total college first-time en- 
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rollments increased 7.0 percent. What 
turned the graduates away from engineer- 
ing? Nobody has the answer for sure, but 
among the various possible answers the 
most likely one seems to be that it was the 
result of the recession of 1957-58 and the 
wide publicity that attended the slight eas- 
ing of the tight market for engineering tal- 
ent that had prevailed continuously since 
1950. 

In the guidance of these young students, 
the high-school teachers of science and the 
high-school guidance counsellors play a vi- 
tal role. The teachers can stimulate the in- 
terest of the promising students in scientific 
careers and direct them into the right 
courses to prepare them adequately for col- 
lege entrance in engineering or science. The 
counsellor can make the students aware of 
the opportunities in these fields. The actual 
beginning of a career in science is in the 
arly years of high school. A mathematics 
or science course, not taken then, may bar 
the student from the college science course 
he may wish to elect later. There is a trend 
in the engineering colleges toward raising 
admission standards. Too often in the past, 
the colleges have had to make up deficien- 
cies left by inadequate high school prepara- 
tion. The pressures on the modern engineer- 
ing curriculum are great and there is no 
room in the college curriculum for high 
school mathematics. This puts the responsi- 
bility squarely where it belongs—on the 
high school. 


ELEMENTARY AND HIGH SCHOOL 


Actually the conditions of the Age of 
Technology will require, I believe, in the 
long run, a reorientation of the objectives 
of our system of free public education. For 
many years, the emphasis has been on per- 
sonality development and social adjustment 
of the school child. Little has been done to 
stimulate, intellectually challenge and de- 
velop the gifted child. We will not much 
longer be able to tolerate the waste involved 
in moving all of our students through the 
same curriculum at the same pace, the 
gifted along with the dull. 

Particularly is this true at the high-school 
level. Personality development and social 
adjustment may well be the most important 
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considerations in the early grades of ele- 
mentary school, but when we come to the 
high-school level, in my opinion, the pri- 
mary function of the school should be to 
teach subject matter, and we should make 
much greater demands on the scholarship of 
the students than we do today. Academic 
standards should be strictly maintained and 
there should be greatly increased emphasis 
on mathematics and science. Opportunities 
should be provided for the better students 
to progress at a more rapid rate in separate 
classes and their subject matter should be 
greatly extended. We simply cannot afford 
to spend four years of the precious time of 
those members of society who form our 
most critical national resource coasting 
along in academic low gear as we do now. 


HIGHER EDUCATION 


Turning now to higher education in sci- 
ence and engineering, we find that the engi- 
neering schools, being very close to the tech- 
nological developments of recent years and 
in many cases playing an important role in 
them, as partners with government and in- 
dustry, have responded much more quickly 
to changing educational needs than have 
the high schools. The result is that in the 
case of undergraduate engineering educa- 
tion the reorientation toward new objectives 
is already far along. Our American engi- 
neering education has traditionally been 
one of schooling the young engineer heavily 
in engineering practice. The new trend is to 
give him a good solid foundation of mathe- 
matics and pure and engineering sciences 
as a base for his later work in engineering 
practice. Engineering practice changes rap- 
idly and soon becomes obsolete in the com- 
plex and rapidly developing technology of 
today. Furthermore, the multiplicity of the 
specific fields of engineering practice is 
great. The young engineer cannot be trained 
in all of them while he is in college, and if 
he is trained in one he quite probably will 
end up working in another. Finally the en- 
gineering colleges are not in a good position 
to train in engineering practice, because the 
seat of knowledge of engineering practice is 
in industry and not in the colleges. It is 
more important for the engineering student 
to gain a comprehensive understanding of 
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the laws of nature and a facility in the use 
of the mathematical and scientific tools by 
which engineering problems are attacked 
than to master their detailed application in 
a specific field. Experience shows that it is 
not possible for him to do both in the short 
span of a four-year undergraduate course. 
Along with the changes occurring in un- 
dergraduate engineering education has come 
a greatly increased emphasis on graduate 
work. A 4-year college training is inade- 
quate in depth to equip an engineer to un- 
dertake successfully much of the work he 
is called upon to perform in the Age of 
Technology. This is particularly true in the 
creative work of research and development, 
which now absorbs the efforts of over 30 
percent of our total professional technologi- 
cal force. The shortage of engineers is acute, 
but that for engineers trained to the gradu- 
ate level is doubly so. In this area the pure 
sciences are far ahead of engineering, the 
number of doctorates granted annually in 
physics alone approximately equalling those 
granted in all fields of engineering. Much is 
being done by the fellowship and loan pro- 
grams of the Federal Government and oth- 
ers as well as by the provision of opportu- 
nities for part-time employment during 
graduate study to enable qualified engi- 
neering students to continue for graduate 
work. The kernel of the problem here is to 
support our institutions of higher educa- 
tion so that they may attract adequate 
numbers of highly qualified faculty mem- 
bers in competition with private industry. 


EDUCATION IN INDUSTRY 


The final segment of the educational sys- 
tem is the newest part of our formal educa- 
tional structure, education in industry. It 
is a segment which might have been ignored 
as recently as a few decades ago, but which 
certainly cannot be ignored today. It is one 
which may be expected to expand rapidly 
in the future. It is a phenomenon of the Age 
of Technology. 

Formal technical educational programs 
in industry have grown up in response to 
two needs. The first is that of industry to 
train its own employees in its own technol- 
ogy. I have already noted that the engineer- 
ing schools are now emphasizing fundamen- 


INGRAM: EDUCATION FOR THE AGE OF TECHNOLOGY 297 


tal science at the expense of engineering 
practice. Where then does the young engi- 
neer learn his engineering practice? The 
answer is in industry. Employers today ac- 
cept the need for training their new engi- 
neering employees as a necessary step in the 
development of their engineering staffs. 
There is no clamor that I can detect to per- 
suade the colleges to relieve them of this 
burden. The reason is that they prefer to 
give their own employees their own kind of 
training in their own field. 

The second need which brings educational 
programs into being in industry is the need 
to keep engineering staffs up to date. In 
today’s rapidly developing technology, we 
know that our physical equipment will be- 
come obsolete soon enough. What we should 
be concerned about is the obsolescence of 
our engineers and scientists. Obsolescence 
is the fate of any engineer or scientist who 
allows his own field of technology to pass 
him by or who allows himself to be out- 
flanked by a competing technology. The 
preventive is continuing education. No en- 
gineer can afford to neglect his continuing 
education. Industry and the nation faced in 
the future, as I hope I have convinced you, 
with a chronic shortage of engineers and 
scientists cannot afford to neglect it either. 
An engineer kept in technological mid- 
stream by continuing education rather than 
being swept into the eddy of obsolescence 
may not increase our technological nose- 
count, but he certainly does increase our 
technological potential. Quality counts as 
well as quantity. 

By no means all this industrial educa- 
tional effort is vocational in nature or is 
specific training in engineering practice. 
Particularly in the second area, that of con- 
tinuing education, the great need is for the 
upgrading of long service technical person- 
nel in the fundamentals which have come 
into the engineering curriculum since they 
went to school. Here the universities can be 
of great service and here too a reorientation 
of our thinking in higher education is called 
for. Our present higher educational system 
is largely built on the assumption that once 
a student is educated to a certain level and 
has received certification for this in the 
form of a degree, that he is equipped for life 
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with a level of technical competence cor- 
responding to the degree. Nothing could be 
further from the truth. A master’s degree of 
1940 is not the equivalent of a master’s de- 
gree of 1960, unless a lot has gone on in be- 
tween in the form of continuing education. 
Whole new fields of knowledge and whole 
new technologies have grown up. The typi- 
sal engineer or scientist has specialized and 
kept up through his own efforts with the 
new developments in his own specialty. But 
increasingly, he finds himself less and less 
able to understand what goes on about him 
outside of that specialty. When called upon 
to change his field, as he sooner or later 
probably will be, he finds himself in a poor 
competitive position with respect to the 
younger men with more modern educations. 
This is a problem in which we have only 
begun to scratch the surface. I predict that 
as our present technological labor force 
whose age distribution is now so heavily 
peaked at the younger years, ages and as 
the shortage of technical manpower be- 
comes more acute, we are going to have to 
do much more about it than we do now. 
Training programs in industry, not for new 
employees, but for longer service ones, co- 
operative programs with universities for 
older technical employees, I feel sure will 
see a great growth in future years. These 
will often be nondegree programs, and when 
done by universities industry will be pre- 
pared to foot the bill. I can cite you several 
examples of such programs taken from our 
own company which are in existence at the 
present time. In Bell Telephone Labora- 
tories we have an extensive program of out- 
of-hours courses taught by the members of 
our own technical staff, as well as tuition 
refund plans to encourage and facilitate 
the continuing education of our employees 
at universities. Each year the operating 
telephone companies of the Bell System 
send to us about 50 young engineers to learn 
the latest developments of the communica- 
tions art. The New York Telephone Co. and 
the Southern Bell Telephone & Telegraph 
Co. have joint programs with Cornell Uni- 
versity and Clemson College to which their 
engineers are sent to be brought up to date in 
the fundamentals underlying the technology 
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of telephone transmission. The Bell Teiec- 
phone Co. of Pennsylvania has a program 
with similar objectives, but does it for itself. 
The Western Electric Co., the manufactur- 
ing arm of the Bell System, sends its ex- 
perienced engineers at intervals, to training 
centers, where with the help of universities, 
it offers them courses in the fundamentals 
underlying important new areas of tech- 
nology. Other Bell System companies and 
other companies outside the Bell System are 
also active in this field. Industry will move 
to solve its own problems as they become 
acute, but I think there is little apprecia- 
tion in university circles of the magnitude of 
this field of education and the part that 
they are going to be called upon to play 
in it. Coming on top of the foreseeable de- 
mands on them for supplying undergraduate 
education, resulting from the population 
bulge following World War II and the need 
for great expansion in graduate engineering 
education, this educational responsibility 
will not be easy to discharge and yet, I 
believe, is one which it is proper for our 
system of higher technical education to as- 
sume. 


CONCLUSION 


These are exciting times in which we live. 
Perforce we are all gamblers because the 
one thing we can be sure of in the Age of 
Technology is change—rapid change. 
Statesmanship, business management, edu- 
cational administration, have become 
largely a matter of trying to anticipate the 
direction and rate of this change. I have 
made bold to try to look into the future in 
several directions which seem to me to be of 
importance to some who may be in this 
audience. If I am right, I hope that what I 
have said may be useful. If I am wrong, I 
hope that at least it has not been dull. 
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GEOLOGY.—The Wolfcamp Series (Permian) and new species of fusulinids, Glass 
Mountains, Texas.1 CHarLEes A. Ross, Peabody Museum, Yale University. 
(Communicated by Herbert H. Ross.) 


(Received May 29, 1959) 


INTRODUCTION 


The Wolfcamp Series in the Glass Moun- 
tains, Tex., is represented by a sequence of 
diverse lithologies and includes a regional 
unconformity. A detailed study of these 
strata reveals that two formations can be 
recognized in the field and that both units 
are within the “Zone of Pseudoschwagerina” 
(Fig. 1). Each formation has a distinct 
and characteristic fusulinid fauna. The 
Nealranch formation embraces the upper 
part of beds originally called Wolfcamp by 
Udden (1917) in the Wolf Camp Hills and 
is renamed to retain this widely used name 
for the time-stratigraphic unit, the Wolf- 
camp Series. The Lenoxhills formation un- 
conformably overlies the Nealranch forma- 
tion and is the upper formation of the 
Wolfcamp Series in the Glass Mountains. It 
was in part included in the Wolfeamp forma- 
tion of King (1931), where it crops out in the 
western Glass Mountains and is now known 
to be present across the southern escarp- 
ment of the eastern Glass Mountains, and 
is the lower 200 to 300 feet of the Hess for- 
mation of Udden (1917). The correlation of 
these stratigraphic units with strata in other 
regions is determined on the basis of their 
fusulinid faunas. 

The exact placement of the top of the 
Pennsylvanian system in the Glass Moun- 
tains has long been a major controversy. 
Fusulinid faunas of Cisco (Virgil) age are 
known from strata as high as the “grey 
limestone” of King (1931 and 1937). In the 
Wolf Camp Hills the Nealranch formation 
(300 to 470 feet thick) unconformably over- 
lies the “grey limestone” and contains the 
oldest Schwagerina and Pseudoschwagerina 
faunas thus far discovered in the Glass 
Mountains. The boundary between the Per- 
mian and Pennsylvanian systems is taken 
at this unconformity. The Nealranch forma- 

‘From a dissertation submitted to the Depart- 


ment of Geology, Yale University, in partial ful- 
filment of requirements for Ph.D. 


tion is truncated and has been removed for 
some distance east of the Wolf Camp Hills 
by pre-Lenoxhills erosion. At Gap Tank, 
about 10 miles east of the Wolf Camp Hills, 
90 feet of Nealranch strata have been 
preserved from pre-Lenoxhills erosion in 
a faulted syncline which formed before 
Lenoxhills deposition. 

In the western part of the Marathon 
Basin at the foot of the Lenox Hills, 6 miles 
west of Marathon, faulted and folded strata 
locally contain Pseudoschwagerina uddeni 
(Beede and Kniker) , Schwagerina puguncu- 
lus, n. sp., and Triticites uddeni Dunbar and 
Skinner. Thus the Nealranch formation was 
deposited in the western part of this area 
prior to the last major tectonic pulse of the 
Marathon orogenic belt. 

The Wolf Camp Hills, Gap Tank, the foot 
of the Lenox Hills, and probably the base of 
the Hess ranch horst have the only known 
outcrops of the Nealranch formation in the 
Glass Mountains. 

The Lenoxhills formation unconformably 
overlies the Nealranch, Gaptank, and older 
strata of the Marathon orogenic belt. The 
type section of the Lenoxhills formation is 
in the Lenox Hills west of Marathon, where 
it is composed of 130 feet of conglomerate at 
its base succeeded by 160 feet of sandstone, 
clastic limestone, and shale. To the south- 
west in the Lenox Hills the entire formation 
changes facies into conglomerate. Further to 
the southwest at Dugout Mountain, the 
conglomerate changes facies into sandstone 
and shale (150 feet thick) and finally into 
limestone and shale. Throughout the Glass 
Mountains the Lenoxhills formation is 
marked by a persistent basal conglomerate, 
but the strata above change facies within 
short distances. 

Northeast of the Lenox Hills, the forma- 
tion changes into a shale facies and is thin 
(120 feet) just west of Iron Mountain. At 
Leonard Mountain the Lenoxhills formation 
forms the southern and eastern facies. Here 
the shale units intertongue eastward into 
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Fic. 1—Stratigraphic terminology as used by 
King (1937) and in this paper. In the table W rep- 
resents the western Glass Mountains and E the 
eastern Glass Mountains. 


biohermal limestones which form the east- 
ern face. Farther to the east from the Hess 
ranch house to the vicinity of the Wolf 
Camp Hills these biohermal strata inter- 
tongue into silty thin-bedded limestones, 
200 to 300 feet thick. Eastward from the 
Wolf Camp Hills, the thin-bedded lime- 
stones of the Lenoxhills formation inter- 
tongue with red and varicolored shales, and 
green cross-bedded sandstones of the mar- 
ginal marine facies. Throughout much of 
this eastern area the basal conglomerate of 
the Lenoxhills formation fills valleys cut 
into the limestone beds of the Gaptank for- 
mation. 

The Leonard formation unconformably 
overlies the Lenoxhills formation in the 
western Glass Mountains. Locally pre- 
Leonard erosion has removed most of the 
Lenoxhills formation and as at the south- 
west end of Dugout Mountain and in the 
northern part of the Lenox Hills the base of 
the Leonard formation rests on the trun- 
cated edges of the folded and faulted beds 
of the Marathon orogenic belt. In the east- 
ern part of the Glass Mountains the Leon- 
ard formation overlies the limestone and 


VoL. 49, No. 9 


shale of the Lenoxhills formation with no 
apparent unconformity, being rather a 
sharp change in facies into thick units of 
thin bedded limestone. 

The “grey limestone” of King (1931) con- 
tains the youngest Pennsylvanian fauna in 
the Wolf Camp Hills and includes Triticites 
comptus n. sp., T. ventricosus (Moller), T. 
pinguis Dunbar and Skinner, and T. kosch- 
manni Skinner (Fig. 2). 

The fusulinids which characterize and are 
restricted to the Nealranch formation in the 
Wolf Camp Hills include: Triticites uddeni 
Dunbar and Skinner, Schwagerina emaciata 
(Beede), S. pugunculus, n. sp., Pseudo- 
schwagerina uddeni (Beede and Kniker), 
Paraschwagerina acuminata Dunbar and 
Skinner, and P. gigantea (White). In ad- 
dition the following species range into the 
Nealranch formation: Triticites ventricosus 
(Moller), T. pinguis Dunbar and Skinner 
T. koschmanni Skinner, Pseudoschwagerina 
beedei Dunbar and Skinner, and P. texana 
Dunbar and Skinner. 

Fusulinids which characterize and are re- 
stricted to the Lenoxhills formation in the 
western Glass Mountains are: Schwagerina 
extumida, n. sp., S. lineanoda, n. sp., S. 
dispansa, n. sp., S. laxissima Dunbar and 
Skinner, S. bellula Dunbar and Skinner, 
Pseudoschwagerina tumidosus, n. sp., and 
P. robusta (Meek). In addition the follow- 
ing species range into the Lenoxhills forma- 
tion: Schwagerina compacta (White), S. 
tersa, n. sp., S. crebrisepta, n. sp., S. nelsoni 
Dunbar and Skinner, S. knighti Dunbar and 
Skinner, S. diversiformis Dunbar and Skin- 
ner, Paraschwagerina plena, n. sp., Pseudo- 
schwagerina beedeit Dunbar and Skinner, P. 
terana Dunbar and Skinner, Parafusulina 
linearis (Dunbar and Skinner), and P. schu- 
cherti Dunbar and Skinner. 

Descriptions of the new species mentioned 
above follow. 


Triticites comptus, n. sp. 
Pl. 1, figs. 1-3, 5 


Description—This_ elongate, subcylindrical 
species commonly reaches a length of 9.2 mm 
and a diameter of 2.0 mm in six to seven volu- 
tions. The tightly coiled compact early whorls, 
regularly and highly folded septa, rudimentary 
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chomata, and curved axis of coiling are distinc- 
tive of this species (Pl. 1, figs. 1, 5). 

In specimens examined the proloculi are small, 
averaging 0.10 mm outside diameter. The first 
two or three volutions are tightly coiled and 
elongate, attaining form ratios of 2.5 to 3.2. 
Succeeding volutions are higher and become 
greatly extended along the curved axis of coil- 
ing; the form ratio in the sixth or seventh volu- 
tion generally exceeds 4.5. The long polar ex- 
tremities are narrow and unevenly rounded and 
overlap irregularly the preceding half volution 
(Pl. 1, figs. 2, 5). The chambers increase slightly 
in height laterally away from the midplane. The 
shape of the lateral slopes is regular but tends to 
be convex in most volutions. 

The wall is composed of a thin tectum and a 
thin, indistinct keriotheca. The wall thickness 
gradually increases from 0.005 mm in the pro- 
loculus to 0.05 mm in the sixth or seventh volu- 
tion. The wall thickness remains nearly constant 
from the midplane to the polar extremities. 

The septa are thin and highly fluted into 
closely spaced, nearly regular folds, which ex- 
tend laterally across the entire chambers (PI. 1, 
fig. 5). As seen in the sagittal section (Pl. 1, 
fig. 3), the septa are extremely numerous per 
volution and are inclined steeply from the ante- 
theca towards the floor of the chamber. The 
folds often reach the top of the chamber and 
have steep nearly parallel flanks and acutely 
rounded crests. 

The tunnel, narrow in the first three or four 
whorls, expands gradually in later whorls. The 
tunnel angle measures 18° in the first volution, 
25° in the third, and 40° in the fifth or sixth 
whorl. The tunnel is well defined by either low 
chomata or breaks in the closely spaced, highly 
folded septa throughout all but the outer volu- 
tion (Pl. 1, figs. 1, 5). The path of the tunnel 
includes the midplane of the shell. The antetheca 
beneath the tunnel is often thinner than the 
antetheca on the lateral slopes and apparently 
has been slightly resorbed by the tunnel. Cho- 
mata are rudimentary in the shell and form as 
thin, high deposits connecting adjacent septal 
folds of the successive chambers (PI. 1, fig. 3). 
Secondary axial deposition, common in the first 
two or three whorls, gives this portion of the 
shell a dense, dark appearance. These deposits 
form as septal thickening in the lateral regions 
of the early whorls. 

Discussion —T riticites comptus, n. sp., is simi- 
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lar in shape and general internal structures to 
T. joensis Thompson, 7. osagensis Newell, T. 
tenuis Merchant and Keroher, T. plicatula Mer- 
chant and Keroher, 7’. ohioensis Thompson, and 
T. collus Burma. From these species T. comptus 
differs in lacking well-defined chomata and hay- 
ing more regularly and highly folded septa 
across the shell. 

The stratigraphic occurrence of this highly 
specialized species of Triticites, T. comptus, indi- 
cates that it is probably similar to the unde- 
scribed species mentioned by Thompson (1957, 
p. 300) from the lower Virgil of the Midcontinent 
region. The species takes its name from the Latin 
comptus, meaning ornamented, elegant, refer- 


TABLE OF MEASUREMENTS 
YPM specimens 


lu- | 20550 20551 20555 20554 20552 
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ring to the close, regularly folded septa seen in 
thin-section. 

Occurrence——Upper part of the Gaptank for- 
mation in the Wolf Camp Hills, at Leonard 
Mountain, and in the syncline four miles west of 
Marathon, Tex. 

Holotype —YPM 20551, Yale Peabody Mu- 
seum, illustrated Pl. 1, fig. 5, Gaptank formation, 
Wolf Camp Hills. 


Schwagerina crebrisepta, n. sp. 
Pl. 4, figs. 1-3, 5 


Description—This large, elongate species 
commonly reaches 13 mm in length and 3 mm 
in diameter in seven volutions. In thin section 
specimens show a marked division between early 
and late growth patterns; the young shell is 
tightly coiled with secondary deposits and the 
adult shell is loosely coiled with secondary de- 
posits in irregular patterns along the axis. 

The proloculus of the holotype (PI. 4, fig. 3) is 
0.10 mm outside diameter and is spherical. The 
size of the proloculi in other specimens ex- 
amined is remarkably consistent averaging 0.10 
mm in diameter with little variation. The first 
three to four volutions are tightly coiled and 
growth during this stage is mainly along the 
axis. Form ratios of 3.0 to 4.0 are common in 
the first four volutions. The fifth volution shows 
a distinctive increase in chamber height as well 
as a considerable increase in length. The form 
ratio remains constant or decreases slightly in 
this volution, but in later volutions it increases 
reaching as much as 4.3 in the seventh one. The 
chamber height in the adult whorls increases 
gradually in the center of the shell, but in the 
lateral and polar extremities the height in- 
creases greatly giving the shell a subcylindrical 
shape. 

The wall is thin in the proloculus, 0.005 to 0.01 
mm thick, and in the early whorls reaches only 
0.03 mm. The adult whorls thicken gradually to 
about 0.10 mm in the last whorl. 

The septa are thin and highly folded (PI. 4, 
fig. 3). These folds have steep sides, reach to the 
top of the chambers, and are rounded to sub- 
acute at their crests in the adult whorls. In the 
early whorls the folds are flattened across their 
crests. Throughout the shell, the closely spaced 
folds show a regular pattern, each septum having 
folds of uniform height. The septa form parallel 
to the axis of coiling. 
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The tunnel angle ranges between 15° and 25° 
in young shells, but increases gradually to a 
width of 30° in the sixth volution and is one- 
third the height of the adult chambers. The tun- 
nel path deviates as much as 10° out of the 
midplane of the shell. Chomata are rudimentary 
in the early whorls and completely lacking in 
the adult whorls. Secondary deposits fill the 
young volutions except near the midplane and in 
the first three adult whorls these deposits fill 
the axial extremities. The septa in the remaining 
portions of the shell show evidence of secondary 
deposition at the crests of their folds. False walls 
are common in the specimens examined; how- 
ever, they are not present in whorls with axial 
fillings. 


TABLE OF MEASUREMENTS 


YPM specimens 
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Discussion —Schwagerina crebrisepta is simi- 
lar in general internal structure to S. franklinen- 
sis Dunbar and Skinner but has distinct young 
and mature regions, a larger size per volution, 
and notable axial deposition. S. complexa 
Thompson is similar in size and ontogeny but 
has greater inflation in the adult chambers, less 
tightly and less regularly folded septa, and is 
more fusiform. The specific name crebrisepta 
from the Latin, many septa, refers to the abun- 
dant septa seen in thin sections of this species. 

Occurrence —Lenoxhills formation in western 
Glass Mountains, Tex., reworked specimens in 
lower part of the Leonard formation. 

Holotype—YPM 20634, Yale Peabody Mu- 
seum, illustrated Pl. 4, fig. 3; from Lenoxhills 
formation, north of Hess ranch horst. 


Schwagerina dispansa, n. sp. 
Pl. 2, figs. 7-12 

Description—tThe shell of this species com- 
monly attains a length of 9.5 mm and a diam- 
eter of 3.5 mm in seven to eight volutions. The 
outer two or three whorls are greatly extended 
along the axis and give the shell long winglike 
projections. The inner whorls are shorter and 
more loosely coiled. The regularly folded septa, 
early globose volutions and later extension of the 
shell along the axis, and medium to small size 
distinguish this species. 

In specimens examined, the proloculi are 
aspherical to spherical and range in size from 
0.04 to 0.16 mm outside diameter. As shown in 
Pl. 2, fig. 8, the initial whorl is often highly in- 
flated and irregular, with a form ratio of 2.0. 
The succeeding two or three volutions have thick 
fusiform outlines and increase in height and 
length proportionally, retaining form ratios of 
2.0. In the outer two or three whorls the cham- 
bers extend laterally along the axis as long ex- 
tended polar extremities, and the form ratio in- 
creases to 3.0 (Pl. 2, fig. 7, 12). The poles of 
these mature volutions are evenly rounded and 
the lateral slopes concave. The chambers in the 
early whorls are nearly constant in height from 
the center to the poles, but in later whorls they 
show a great increase in height in the extended 
polar extremities. 

The wall is composed of a tectum and a thick, 
coarsely alveolar keriotheca. The wall remains 
constant in thickness from the center of the shell 
to the polar extremities. It is commonly 0.01 mm 
thick in the proloculus and gradually increases 
to 0.10 mm thickness in the last volution. In 
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specimen YPM 20628 (PI. 2, fig. 7) the wall in 
the minute proloculus is 0.003 mm thick. 

The septa are strongly and regularly folded 
throughout the shell. The folds are symmetrical 
with nearly straight sides and rounded crests and 
they are evenly spaced across the entire cham- 
ders. The basal margin of folds of one chamber 
generally touches the opposing folds in adjacent 
chambers. Cuniculi are not observed in these 
shells, but as shown in specimen YPM 20627 
(Pl. 2, fig. 10) the formation of the tunnel re- 
sults in resorption of the base of the septa and 
this gives the impression of one well-developed 
cuniculus on each side of the tunnel. 
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The straight tunnel is of medium width, the 
tunnel angle is 20° in the first whorl with a 
gradual increase to 35° in the fourth or fifth 
whorl. The septa are resorbed to about one-half 
chamber height to form the tunnel. Chomata 
are rudimentary and are present only on the 
outer surface of the proloculus. Secondary de- 
posits occur in about two-thirds of the speci- 
mens examined, and may be thick in the axial 
region or thin coatings on the septa throughout 
the shell. Falsewalls are common in shell cham- 
bers which lack axial fillings (Pl. 2, fig. 7, 12). 

Discussion—Schwagerina dispansa is a rare 
species that is seemingly closely related to S. 
knighti Dunbar and Skinner. S. knighti is much 
larger and has several more highly globose volu- 
tions than does S. dispansa, but variation within 
S. knighti is poorly known. Axial deposits when 
present in S. dispansa are apparently distinctive. 
8. dispansa is similar in shape to S. nelsoni Dun- 
bar and Skinner but is smaller when mature and 
has a considerably different ontogeny. 

The species takes its name from the Latin 
dispansa, meaning stretched out, and refers to 
the extended polar extremities in the mature 
shell. 

Occurrence —Lenoxhills formation in western 
and central Glass Mountains, Tex. 

Holotype —YPM 20628, Yale Peabody Mu- 
seum, illustrated Pl. 2, fig. 7; from the Lenoxhills 
formation, north of the Wolf Camp Hills. 


Schwagerina extumida, n. sp. 
Pl. 3, figs. 4-7, 9 

Description—This thickly fusiform species 
commonly attains a length of 9 mm and a diam- 
eter of 4 mm in seven to eight volutions. The 
form of the early whorls is globose and chamber 
height increases proportionally faster than axial 
elongation until the fifth volution. The later 
whorls become more elongate and have concave 
lateral slopes in the seventh and eighth volutions. 
The poles are small and acutely rounded. The 
wall in the outer whorls is extremely thick for 
shells of this size but it changes thickness ap- 
preciably from a maximum near the center to a 
minimum near the poles, a distinctive feature 
in this species (PI. 3, fig. 6). 

The proloculi are subspherical and in speci- 
mens examined range between 0.14 and 0.18 mm 
outside diameter. The first two whorls are low 
and in most specimens have a form ratio of 2.4 
in this portion of the shell. The third, fourth, and 








ROSS: NEW SPECIES OF FUSULINIDS 305 





fifth whorls increase notably in height but rela- 
tively little in length, giving form ratios of about 
1.8. The chamber height remains constant, or 
nearly so, across the entire shell in these volu- 
tions. The sixth, seventh, and eight whorls show 
a considerable increase in length. The height of 
these chambers increases toward the poles to 
give the lateral slopes a slight concave outline 
(Pl. 3, figs. 6, 7). 

The spiral wall is composed of a well-defined 
tectum and a thick, coarse keriotheca. In the 
center of the shell the wall thickness increases 
notably in the last two whorls to a maximum of 
0.19 mm. In the lateral regions, the wall thins 
evenly toward the poles. 

The septa are regularly and highly folded 
throughout the shell. They are closely folded in 
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the first five volutions but the folds are spaced 
slightly farther apart in the outer whoris where 
the axis becomes elongate. Also the septa are 
somewhat farther apart in the outer whorls (PI. 
3, fig. 6) and the center of the septa lags behind 
the lateral portions during growth. 

The tunnel is narrow throughout the shell. 
The tunnel angle reaches 25° in only one speci- 
men examined, the average is about 20°. The 
tunnel is well defined by secondary deposits on 
the basal margin of the septa (pseudochomata) 
and occasionally as minor axial fillings (PI. 3, fig. 
9). 

Discussion—The rapid thinning of the wall 
toward the poles and the placement and type of 
secondary deposits make this species distinct 
from most other species of Schwagerina. S. hes- 
sensis Dunbar and Skinner is similar, however 
the large proloculus, elongate form, and nearly 
constant wall thickness of that species are dis- 
tinctly different. S. hawkinsi Dunbar and Skin- 
ner is larger, more globose throughout the shell, 
and has secondary deposits reinforcing the septa 
throughout the entire shell. White (1932, Pl. 6, 
fig. 6) illustrates a form which is similar to this 
species and calls it Triticites plummeri, however 
that form is smaller, has well-developed chomata 
in the early whorls and is only superficially simi- 
lar to S. extumida. Species derives its name from 
the Latin extumida, meaning swelled up. 

Occurrence—Lower part of the Lenoxhills 
formation in Hess ranch horst. 

Holotype—YPM 20649, Yale Peabody Mu- 
seum, illustrated Pl. 3, fig. 9; Lenoxhills forma- 
tion; Hess ranch horst. 


Schwagerina lineanoda, n. sp. 
Pl. 2, figs. 1-6 

Description—This small, subcylindrical spe- 
cies commonly reaches a length of 7.5 mm and a 
diameter of 2.5 mm in six volutions. The shape 
of the shell remains nearly constant during 
growth with only a gradual elongation along the 
axis of coiling. The poles are bluntly rounded 
and succeeding whorls form smoothly rounded 
poles without over hanging lips. 

In specimens examined the proloculi are com- 
monly aspherical and range in size from 0.16 to 
0.24 mm outside diameter. The early whorls are 
low and establish the general shape of the shell 
by the second volution. The succeeding volutions 
increase gradually in height. The chambers, how- 
ever, show an increase in height toward the polar 





VOL. 49, No. 9 


extremities which causes gradual elongation of 
the shell along the axis and gives the shell a more 
cylindrical form in the outer volutions. The 
lateral slopes are convex throughout the shell. 
The form ratio increases from about 2.0 in the 
first or second whorl to about 3.0 in the sixth. 

The wall is fairly thick for shells of this size 
and increases from 0.009 mm thick in the pro- 
loculus to 0.06 mm in the sixth volution. The 
wall is composed of a tectum and a finely alve- 
olar keriotheca. It remains constant in thickness 
from the center of the shell along the lateral 
slopes to poles. 

The septa are thick and tightly fluted into 
close, regular folds. In thin sections these folds 
are subcircular in outline, the greatest width of 
the folds being slightly above the floor of the 
chamber (PI. 2, figs. 1-4). In axial section the 
folds appear as series of knots aligned on the 
floor of the chamber. The septal folds lap over 
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one another in the lateral regions of the early 
whorls, but this is not so in the central region. 
Cuniculi have not been observed. Although the 
septa touch each other (PI. 2, fig. 5), the septal 
wall apparently is not resorbed at the point of 
junction. In the fourth and later whorls, the 
septa are widely spaced in many specimens and 
do not always touch one another. 

The tunnel is wide in this species, 28° in the 
first volution, and gradually increases to about 
35° in the third or fourth. Beyond the fourth 
whorl where the septa become widely spaced, the 
tunnel is difficult to trace in thin sections. Rudi- 
mentary chomata are common on the outer sur- 
face of the proloculus and in the first whorl, 
but are lacking in the rest of the shell. Secondary 
thickening of the septa in the axial region is 
common in adult specimens, but generally lack- 
ing in immature specimens (compare PI. 2, fig. 1, 
with fig. 4, both specimens from the same sam- 
ple). 

Discussion —Schwagerina lineanoda, n. sp., is 
similar to S. crassitectoria Dunbar and Skinner, 
but is more elongate, has more rounded septal 
folds, and a thicker spiral wall. Parafusulina 
linearis (Dunbar and Skinner) is more elongate, 
has heavier axial fillings, and more regularly 
folded septa. 

The morphologic position of S. lineanoda be- 
tween Parafusulinea linearis and S. crassitectoria 
suggests the three species are more closely re- 
lated than previously suspected. The name, 
lineanoda from the Latin, having lined knots, 
refers to the appearance of the subround septal 
folds in thin section. 

Occurrence.—Lenoxhills formation at Dugout 
Mountain and north of the Wolf Camp Hills, 
Tex. 

Holotype—YPM 20675, Yale Peabody Mu- 
seum, illustrated Pl. 2, fig. 3; Lenoxhills forma- 
tion, north of Wolf Camp Hills. 


Schwagerina pugunculus, n. sp. 
Pl. 1, figs. 8, 9, 12, 13 

Description—This large, fusiform species 
reaches a length of 11 mm and a diameter of 4 
mm in six to seven volutions. The flat lateral 
slopes, small pointed poles, and highly folded 
septa are distinctive (Pl. 1, fig. 13). 

The proloculi in specimens examined range 
between 0.12 and 0.26 mm outside diameter and 
are generally spherical. The first two or three 
volutions have low, long chambers which give 
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form ratios between 2.0 and 3.7 depending on the 
individual specimen. The succeeding volutions 
become elongate along the axis of coiling. The 
chamber height increases markedly from the 
midplane toward the poles, and the lateral 
slopes are straight or slightly convex; in YPM 
20777, however, one slope is slightly concave in 
the last volution. After the third whorl the volu- 
tions expand evenly and slowly having an early 
tightly coiled portion and late more loosely coiled 
portion that gives the shell a zoned appearance. 

The wall gradually thickens from 0.01 mm in 
the proloculus to 0.10 mm in the seventh volu- 
tion. It is composed of a tectum and well de- 
veloped keriotheca with coarse alveoli. The 
keriotheca thins gradually toward the poles and 
is almost completely lacking around the poles. 
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The septa are thick and are highly fluted from 
pole to pole (Pl. 1, fig. 12, 13). The sides of the 
folds are steep and nearly parallel along their 
basal margins. The crests of the folds are acutely 
rounded and extend to the top of the chambers. 
Small septal pores are common and are evenly 
distributed over the septal face. 

The tunnel angle ranges between 15° and 32° 
in specimens examined and seems to expand 
gradually from a narrow beginning to its great- 
est width in the fourth or fifth volution. The 
path of the tunnel is slightly irregular, varying 
about 5° out of the midplane. Rudimentary 
chomata are common on the outer surface of the 
proloculus and in the first and second whorls. 
Slight secondary deposition is common along the 
axis as septal thickening which generally does 
not completely fili the chambers. False walls are 
not observed. 

Discussion —This species is similar in general 
size and form to Paraschwagerina gigantea 
(White) but lacks the tightly coiled juvenarium 
of that genus. Schwagerina pugunculus is similar 
in size to S. hessensis Dunbar and Skinner but 
lacks the thick walls, closely spaced, dense septa, 
and the early inflated whorls of that species. S. 
pugunculus differs from S. diversiformis Dunbar 
and Skinner, S. compacta (White) and S. cras- 
sitectoria Dunbar and Skinner by the lack of 
heavy axial deposits and differences in ontogeny. 

S. thompsoni Needham is smaller and more in- 
flated in its later volutions than is this species, 
but in other respects these two species appear 
closely related. At a given volution S. elkoensis 
Thompson is about half the size of S. pugunculus. 
S. complexa Thompson, which is similar in size 
and shape to S. pugunculus, has more highly in- 
flated early adult chambers, more irregularly 
folded septa, less pointed poles and is smaller 
per volution. 

Study of the Dunbar and Skinner collection 
shows that Dunbar and Skinner refer specimens 
of this species from the Nealranch formation (at 
Wolf Camp) to S. franklinensis Dunbar and 
Skinner. However, S. franklinensis is more slen- 
der and delicate in appearance and has a differ- 
ent ontogenetic growth. (S. franklinensis is pres- 
ent in the Glass Mountains but considerably 
higher in the stratigraphic section.) The species 
takes its name from the Latin pugunculus, short 
dagger, and refers to the short daggerlike ap- 
pearance of the lateral slopes. 

Occurrence—Nealranch formation in the 
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Wolf Camp Hills and at the base of the Lenox 
Hills, Tex. 

Holotype—YPM 20716, Yale Peabody Mu- 
seum ; illustrated Pl. 1, fig. 13; Nealranch forma- 
tion, Wolf Camp Hills. 


Schwagerina tersa, n. sp. 
Pl. 1, figs. 4, 6, 7, 10, 11 


Description—This small, fusiform species 
commonly attains 7.5 mm in length and 2.5 mm 
in diameter in six to seven volutions. Throughout 
the shell the shape is ellipsoidal, the poles gently 
rounded, and lateral slopes convex. 

In specimens examined, the proloculi range 
in size from 0.08 to 0.16 mm outside diameter, 
and the first two whorls are low and extend 
rapidly along the axis of coiling. After the shell 
has reached a length of 0.8 mm, the next volu- 
tion increases markedly in height giving the shell 
the appearance of two growth stages. The lateral 
slopes are convex throughout the shell and the 
chambers remain constant in height from the 
center to the pole. Succeeding volutions overlap 
at the poles, but without forming a prominent 
lip; instead the underside of the whorls joins 
with and continues the profile of the preceding 
half volution (PI. 1, fig. 4, 6, and 11). 

The wall is composed of a tectum and a 
coarsely alveolar keriotheca. The wall in the pro- 
loculus is 0.007 mm thick and increases gradually 
to 0.09 mm in the sixth or seventh volution, 
and shows little or no decrease in thickness 
laterally away from the center of the shell. 

The septa are highly fluted into closely spaced 
folds which extend to the top of the chambers 
(Pl. 1, fig. 4, 6, 11). The folds have steep flanks 
and gently rounded crests. Septal folds of one 
chamber overlap opposing folds of the preceding 
chamber only near the poles. 

The tunnel is of medium width in the early 
whorls and gradually expands in later whorls; 
it measures 25° in the first volution and 40° 
in the fourth. The path of the tunnel follows the 
midplane of the shell with little deviation. Cho- 
mata, if present, are found only in the first and 
second volutions and on the outer surface of the 
proloculus, and are always rudimentary. Other 
secondary deposits are apparently lacking in 
this species. 

Discussion—Schwagerina tersa is a nonde- 
seript species which has all the characteristics 
of an idealized primitive Schwagerina species. 
These features include the medium to small size, 
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the even, elliptical outline of the volutions, 
the regularly folded thin septa, and the wide tun- 
nel. It is similar to S. emanciata (Beede) but is 
larger, lacks weil developed chomata, and has 
more closely and regularly folded septa. S. 
grandensis Thompson and S. colemani Thompson 
are about the same size and shape as S. tersa, but 
the walls of the early whorls in those species are 
thicker and the septal folding less intense. S. 
vervillei Thompson is similar in general shape, 
size, and interior structure but is notably smaller 
per volution. 

This species incorporates a number of closely 
similar specimens from a thick stratigraphic 
sequence. 

Occurrence. —Lenoxhills, 
formations, Tex. 


Leonard and Word 
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Holotype—YPM 20684, Yale Peabody Mu- 
seum, illustrated Pl. 1, fig. 6; from Lenoxhills 
formation, southwestern side of Leonard Moun- 
tain, Glass Mountains, Tex. 


Pseudoschwagerina tumidosus, 1. sp. 


Pl. 3, figs. 1-3, 8 


Description—This large elongate species 
reaches a length of 11 to 14 mm and a diameter 
of 5 to 8 mm in six volutions. The apices of this 
form are rather acutely pointed for a Pseudo- 
schwargerina and lack the knobs common in 
some of the more highly inflated forms. 

The proloculus is relatively large (Pl. 3, figs. 
1-3, 8) and average outside diameter is 0.25 mm. 
YPM 20761 (PI. 3, fig. 2) from a different lo- 
cality, has a smaller proloculus of 0.18 mm, out- 
side diameter. YPM 20760 (PI. 3, fig. 8) has an 
irregular proloculus but other specimens have 
near spherical proloculi. The juvenarium has 
three to four volutions and a form ratio of 2.2, 
but the adult shell inflates within a quarter volu- 
tion to a form ratio of 1.6 to 1.7. The form ratio 
gradually diminishes to 2.4 in the last volution. 
The height of the last volution is considerably 
lower than those of the early adult volutions 
(Pl. 3, fig. 1, 3, 8). 

The spiral wall is 0.03 to 0.09 mm thick in the 
juvenarium, decreases in thickness slightly in 
early adult whorls, but finally attains a thickness 
of 1.1 to 1.2 mm in the last volution. It is finely 
alveolar throughout the shell. 

The septa are numerous, highly folded, ani 
thick (probably as a result of secondary deposi- 
tion) in the juvenarium (PI. 3, fig. 8). In the 
early adult whorls they are thinner, irregularly 
folded, but commonly overlap one another, es- 
pecially away from the center of the shell. The 
lower margins of the septa in the early adult 
region are folded slightly up to one-half chamber 
height and the septa do not always parallel the 
axis of coiling. In the last volution the septa are 
more numerous, more tightly folded and overlap 
each other across the shell. Septal pores are com- 
monly seen in slightly oblique sections and are 
distributed evenly over the entire septal face 
(Pl. 3, fig. 2). 

The tunnel is narrow in the juvenarium (tun- 
nel angle 17°), where it is well defined by cho- 
mata. In later volutions it is not possible to trace 
the tunnel with any degree of accuracy but it 
apparently widens, having angles of 25° or 30°. 

Discussion —Pseudoschwagerina tumidosus is 
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rare in my collections from the Glass Mountains 
but those specimens examined suggest it is a 
distinct species from others in the collections. 
This species compares most closely with P. tez- 
ana var. ultima Dunbar and Skinner but differs 
in certain important aspects. The inflation after 
the juvenarium is more pronounced and the 
septa are more irregularly folded in the early 
adult whorls in this species than in P. texana var. 
ultima. 

P. beedei Dunbar and Skinner, and P. tezana 
Dunbar and Skinner are smaller and less elongate 
than this species. P. uddeni (Beede and Kniker) 
and P. robusta (Meek) are more inflated and 
have smaller juvenaria. P. convera Thompson is 
similar in respect to the juvenarium, but differs 
markedly in the adult stages by having more 
regularly, tighter, and more highly folded septa 
and a less pronounced inflation. 
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YPM 20759 and YPM 20760 differ from YPM 
20761 in the septal folding in the early adult 
region, mature form ratio, and the size of the 
proloculus. As these may represent slight genetic 
differences in a population, these specimens are 
included in this species. Certainly the general 
form of these shells suggests a close taxonomic 
relationship and their stratigraphic distribution 
suggests an approximate age equivalence. This 
species takes its name from the Latin, tumidosus, 
meaning swollen, and refers to the shape of shell. 

Occurrence-—Lenoxhills formation in the 
western Glass Mountains, Tex. 

Holotype—YPM 20760, Yale Peabody Mu- 
seum, illustrated Pl. 3, fig. 8; Lenoxhills forma- 
tion, Dugout Mountain, Tex. 


Paraschwagerina plena, n. sp. 
Pl. 4, figs. 4, 6-8 


Description—This inflated species commonly 
attains a length of 10 mm and a diameter of 5 
mm in six volutions. The highly inflated central 
portion of the shell and the nearly straight lat- 
eral slopes tapering toward acutely rounded to 
pointed poles are characteristic of this species 
(Pl. 4, fig. 4, 7, 8). 

In specimens examined the proloculi are 
spherical and small, ranging between 0.04 to 0.06 
mm outside diameter. The first two or three 
whorls are greatly elongate along the axis of coil- 
ing and have form ratios of 3.3. After the shell 
reaches a length of 0.09 or 1.00 mm, it rapidly 
expands for two volutions with form ratios de- 
creasing to 1.7. The last one or two volutions 
show a decline in chamber height and a slight 
elongation along the axis, this increases the form 
ratio to 2.0. Each chamber is nearly constant in 
height and shows little change laterally toward 
the poles. The lateral slopes are generally highly 
convex in the inflated portion of the shell and 
become either straight or slightly concave in the 
extended portion of the mature region. 

The wall is composed of a tectum and a well- 
defined coarse keriotheca and increases gradually 
from 0.005 mm thick in the proloculus to 0.10 
mm in the sixth whorl. The wall remains of con- 
stant thickness from the center of the shell 
nearly to the poles. The septa are strongly folded 
throughout the shell. The early or juvenile 
whorls have high septal folds reaching to the top 
of the low chambers. The inflated whorls show 
high but irregular septal folds and the outer one 
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TABLE OF MEASUREMENTS 


YPM specimens 








Be nm | 20725 | 20723 20722 
radius vector 0 .04mm .05mm .06mm 
1 .09 | .09 — 
2 13 5 | .25 
3 .40 .32 75 
| 4 95 94 | 1.40 
> 1.60 1.70 | 2.00 
6 2.30 _ | 2.50? 
half length 1 .12mm | .20mm .29mm 
2 .42 .50 | .65 
3 95 .80 | 1.20 
4 1.70 | 1.70 | 2.20 
5 2.90 2.95 3.70 
6 4.50 — 5.00 
form ratio 1 1.3 2.1 | 2.6 
2 3.2 3.3 | 2.6 
3 2.4 2.5 | 1.6 
| 4 1.8 1.8 | 1.6 
| 5 1.8 1.7 | 1.8 
. e 2.0 — | 2.0 
tunnel angle 1 35 28° | 29° 
2 38 Lge — 
3 - ~ — 
4 — _— 
5 - — — 
6 —_ = | — 
wall thickness 0 .005mm .007mm | .009mm 
1 .004 | .009 -008 
2 .008 | .02 | -01 
3 01 .04 | 01 
= .04 .07 | .04 
a .08 ae | .10 
| 6 .10 ae ee a 





or two mature whorls indicate a return to 
closely spaced, regular septal folds. 

The tunnel is wide in the juvenarium, meas- 
uring 30°, but it cuts few septa in the inflated 
and mature portions of the shell and can not be 
traced in this outer region. Rudimentary cho- 
mata in the juvenarium are thin and may be 
lacking in a few specimens. The rest of the shell 
lacks chomata. Secondary deposition is appar- 
ently rare in this species; Pl. 4, fig. 8, shows 
secondary deposition on the septa only in the 
mature region; other specimens show no de- 
position. 

Discussion —Paraschwagerina plena, n. sp., is 
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structurally between a typical Paraschwagerina 
and a typical Pseudoschwagerina. The inflation 
of the chambers in the early adult shell and their 
reduction in height in the late adult shell com- 
pare favorably with Pseudoschwagerina. How- 
ever, the elongate juvenarium with closely folded 
septa and only rudimentary chomata, and the 
well-developed although irregular septal foldings 
in the adult shell are more suggestive of Para- 
schwagerina. P. plena is similar to P. yabei 
(Staff), but P. plena has highly folded septa 
throughout the shell and differs in size and shape. 
Both of these species occur in rocks younger than 
Wolfeampian and apparently are the aberrant 
continuation of this lineage into the Middle 
Permian. Paraschwagerina acuminata Dunbar 
and Skinner is less inflated with more evenly 
folded septa throughout the shell; P. kansasensis 
(Beede and Kniker) is more globose and has 
more regularly folded septa; and P. gigantea 
(White) is longer and less inflated and has more 
regular septal folds in comparison to P. plena. 

The species takes its name from the Latin 
plena, full or plump, and refers to the greatly in- 
flated volutions of this species. 

Occurrence —Lower part of the Leonard for- 
mation in the Lenox Hills and the Lenoxhills 
formation in the Hess ranch horst. 

Holotype—YPM 20722, Yale Peabody Mu- 
seum ; illustrated PI. 4, fig. 8; from lower part of 
Leonard formation, Lenox Hills. 


REFERENCES 


Dunsar, C. O., and Skinner, J. W. The geology of 
Texas 3 (pt. 2), Permian Fusulinidae of Texas. 
Texas Univ. Bull. 3701: 517-825, 1937. 

Kina, P. B. The geology of the Glass Mountains, 
Texas, pt. 1. Texas Univ. Bull. 3038: 1-167. 
1931. 

——. Geology of the Marathon region, Teras. 
US. Geol. Survey Prof. Pap. 187: 1-148. 1937. 

Tuompson, M. L. Northern midcontinent Missour- 
ian fusulinids. Journ. Paleont. 31: 289-328. 
1957. 

Uppen, J. A. Notes on the geology of the Glass 
Mountains. Texas Univ. Bull. 1753: 3-59. 1917. 

Wuirtr, M. P. Some Texas Fusulinidae. Texas Univ. 
Bull. 3211: 1-194. 1932. 











JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES VOL. 49, NO. 9 


EXPLANATION OF PLATES 
All figures X 10 
PLATE 1 


Figs. 1-3, 5.—Triticites comptus, n. sp., Gaptank formation: 
1. Axial section, “‘grey limestone,’’ Wolf Camp Hills, YPM 20555. 
2. Axial section, 5 miles northeast of Wolf Camp Hills, YPM 20550. 
3. Sagittal section, ‘‘grey limestone’’, Wolf Camp Hills, YPM 20552. 
5. Axial section, holotype, ‘“‘grey limestone,’’ Wolf Camp Hills, YPM 20551. 
Fias. 4, 6, 7, 10, 11.—Schwagerina tersa, n. sp., Leonard and Lenoxhills formation: 
4. Axial section, southwestern end of Dugout Mountains, YPM 20680. 
6. Axial section of holotype, 244 miles west of the Wolf Camp Hills, one-third the distance up the 
slope, YPM 20684. 
7. Axial section, 244 miles northeast of Wolf Camp Hills, YPM 20681. 
10. Sagittal section, 2!'4 miles west of Wolf Camp Hills, one-third the distance up the slope, YPM 
20679. 
11. Axial section, 244 miles northeast of Wolf Camp Hills, YPM 20682. 
Figs. 8, 9, 12, 13.—Schwagerina pugunculus, n. sp., Nealranch formation, Wolf Camp Hills: 
8. Axial section, YPM 20721. 
9. Sagittal section, YPM 20720. 
12. Axial section, YPM 20719. 
13. Axial section of holotype, YPM 20716. 


PLATE 2 


Fias. 1-6.—Schwagerina lineanoda, n. sp., Lenoxhills formation: 
1. Axial section, southwest end of Dugout Mountain, YPM 20677. 
2. Axial section, north of Wolf Camp Hills, YPM 20676. 
3. Axial section of holotype, north of Wolf Camp Hills, YPM 20675. 
4. Axial section, north of Wolf Camp Hills, YPM 20674. 
5. Tangential section, north of Wolf Camp Hills, YPM 20673. 
6. Sagittal section, north of Wolf Camp Hills, YPM 20678. 


Figs. 7-12.—Schwagerina dispansa, n. sp., Lenoxhills formation north of the Wolf Camp Hills: 
7. Axial section of holotype, YPM 20628. 
. Axial section, photographed with oblique lighting, YPM 20629. 
. Sagittal section, YPM 20624. 
10. Tangential section showing a single false cuniculus resorbed by tunnel, YPM 20627. 
11. Axial section, YPM 20625. 
12. Axial section, YPM 20626. 


PLATE 3 


Figs. 1-3, 8.—Pseudoschwagerina tumidosus, n. sp., Lenoxhills formation. 
1. Oblique section, Hess ranch horst, YPM 20751. 
2. Slightly oblique section, Hess ranch horst, YPM 20761. 
3. Axial section, Dugout Mountain, YPM 20759. 
8. Axial section of holotype, Dugout Mountain, YPM 20760. 
Figs. 4-7, 9.—Schwagerina extumida n. sp., Lenoxhills formation, Hess ranch horst. 
4. Sagittal section, YPM 20651. 
. Axial section, YPM 20650. 
. Axial section, YPM 20648. 
. Axial section, YPM 20646. 
. Axial section, holotype, YPM 20649. 


PLATE 4 


Figs. 1-3, 5.—Schwagerina crebrisepta, n. sp., Lenoxhills formation in the Lenox Hills: 
1. Axial section, YPM 20632. 
2. Axial section, YPM 20631. 
3. Axial section, holotype, YPM 20634. 
5. Sagittal section, YPM 20633. 
Figs. 4, 6-8.—Paraschwagerina plena, n. sp., lower part of the Leonard formation, Lenox Hills: 
4. Axial section, YPM 20723. 
6. Oblique section, YPM 20726. 
7. Axial section, YPM 20725. 
8. Axial section, holotype, YPM 20722. 
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PLANT PHYSIOLOGY .—Responses of certain fungi, particularly Trichoderma 
sp., to light.. Ipa P. Bsornsson,? University of Maryland. (Communicated by 
Harry A. Borthwick.) 


(Received June 16, 1959) 


The importance of light for growth and 
development of fungi is evident from the 
widely scattered observations in the litera- 
ture and the increasing number of recent 
studies. Its importance for processes other 
than photosynthesis is well demonstrated for 
higher plants (Hendricks and Borthwick, 
1955) and has also been demonstrated for 
ferns (Mohr, 1956) and algae (Finkle, Ap- 
pleman, and Fleischer, 1950; Killam and 
Myers, 1956). Owing to fundamental dif- 
ferences in structure and development 
among these groups of plants, their responses 
to light are expressed quite differently. De- 
spite the differences, careful studies of the 
way light acts to induce each response can 
show whether the same or different photore- 
actions are involved. 

The purpose of the present study was to 
explore the types of response of several fungi 
to light and to study in detail the response of 
one of them which appeared to be best suited 
for this type of investigation—viz., Tricho- 
derma sp. 


MATERIALS AND METHODS 


Potato-dextrose-agar was generally used 
as the culture medium, and the cultures were 
grown at 21° C. Test tubes were used as cul- 
ture vessels, except for Trichoderma sp., 
which was grown in petri dishes. The cul- 
tures were standardized by starting each 
from a single spore when possible—other- 
wise from a hyphal tip. For qualitative ob- 
servations, photographic records and visual 
estimations were made. For the quantitative 
determinations, spores were counted or per- 
cent transmissions of light by the spore sus- 
pensions were determined with a spectro- 
photometer. 


*Scientific article A638, Contribution 2821, of 
the Maryland Agricultural Experiment Station, 
Department of Botany. This paper is based on a 
thesis which was submitted to the Graduate School 
of the University of Maryland in partial fulfillment 
of the requirements for the Ph.D. degree, 1956. 

* Present address: Department of Biology, New 
Mexico Highlands University, Las Vegas, N. Mex. 


Cool, white, fluorescent tubes, at distances 
of 48 or 100 cm, gave illuminances of 78 or 
34 f.c., respectively. For isolation of blue and 
red wavelength regions, two layers of blue 
or two layers of red cellophane were used 
with these tubes or with blue or red fluores- 
cent tubes at the same distances when higher 
energies were desired. The fluorescent tubes 
were used as blue and red sources because 
they emitted very little of the far-red wave- 
lengths (7,000 to 8,000 A). The far-red 
wavelength region from four incandescent- 
filament lamps (125-watt) was isolated by 
a filter consisting of two layers each of blue 
and red cellophanes (Piringer and Heinze, 
1954). Radiant energy from such lamps was 
rich in the far-red wavelengths. Radiant 
energy was varied either by varying the dis- 
tance of the cultures from the source of light 
or by interposing neutral filters consisting 
of different numbers of layers of cheesecloth. 
The action spectrum for Trichoderma sp. 
was determined with the spectrograph de- 
scribed by Parker, Hendricks, Borthwick, 
and Scully (1946). 

RESULTS 

Twelve species of fungi were grown in 
light and in darkness and examined for re- 
sponses, such as production of sexual and 
asexual fruiting bodies, growth of mycelium, 
and formation of pigments. Cultures of one 
of these species, Mucor sp., formed a mat of 
mycelium in the dark and under all condi- 
tions with light, but it did not fruit under 
any condition. Lack of fruiting suggested 
that there was lacking in the culture medium 
some compound necessary for the further de- 
velopment of the fungus. The other 11 spe- 
cies, including Trichoderma sp., which is dis- 
cussed in detail in the last part of this 
section, showed one or more responses to 
light. 

Stemphylium sp. (a yellow mycelial 
strain) did not sporulate in 4 weeks in dark- 
ness. This finding verified earlier work on 
other species or isolates of Stemphyliuwm 
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(Weber, 1930; Hannon and Weber, 1955) gle spore. For sporulation, darkness prior 
which also required light for sporulation. to exposure to light was apparently unnec- 
When cultures were grown on potato-su- essary and, once initiated, spores apparently 
crose-agar at 21° C., maximal spore pro- matured in light or darkness. After 50 hours 
duction was obtained when light was given of growth of the cultures in darkness, the 
26 to 72 hours after inoculation with a sin- shortest period of continuous white fluores- 
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Fig. 1.—Top row: Sporulation of Stemphylium in response to various durations of white fluorescent 
light of 78 f.c. intensity. From left to right groups of three tubes received no light, 48 hours, 72 hours, 
and continuous light. Middle row: Formation of sclerotia in cultures of Botrytis gladiolorum in response 
to blue (first tube), far-red (second tube), red (third and fourth tubes), and darkness (fifth and sixth 
tubes). Bottom row: Sporulation of Trichoderma sp. in response to darkness (left), 1-minute exposure of 
sector at top of culture (center), and 1-minute exposure of whole culture (right) to 34 f.c. of white 
fluorescent light. 
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cent light (34 f.c.) that induced sporulation 
was 18 to 23 hours and the number of spores 
increased with duration (Fig. 1, upper row) 
and intensity of light. The least amount of 
white fluorescent light (78 f.c.) that induced 
spore formation, when given in daily cycles, 
was | hour per day for 4 or 5 days. With con- 
tinuous white fluorescent light, saturation 
for sporulation was obtained in 7 days. 
During that period the intensity of the light 
was alternated (500 f.c. for seven hours and 
78 f.c. for 17 hours). Red and far-red wave- 
lengths were ineffective or much less effec- 
tive for inducing sporulation than were the 
shorter wavelengths of the visible spectrum. 

Mycelial growth of Stemphylium was 
stimulated by about 5 f.c. of continuous 
white fluorescent light at 21° C., but was 
retarded at 28° C. All wavelengths of the 
visible spectrum appeared to be effective for 
mycelial growth. In darkness the culture 
medium and the mycelium were yellow. In 
light there was a negative correlation be- 
tween the number of spores and the inten- 
sity of yellow color; in no case was an ir- 
radiated culture as deep a yellow as those 
grown in the dark. The concentration of the 
yellow pigment in the medium was high 
under conditions unfavorable for spore for- 
mation—exposure to red, far-red, or low- 
intensity white light, increase in sugar con- 
centration of the medium, or a temperature 
of 28° C. The pigmentation of the mycelium 
and medium might have been directly de- 
pendent on light or indirectly dependent 
through the action of light on growth and 
sporulation of the organism. 

Cultures of Botrytis gladiolorum Tim- 
merm. showed three responses to light— 
sporulation, ridging, and formation of scle- 
rotia. The number of spores formed in 
response to exposure to white fluorescent 
light (78 f.c.) inereased with duration of 
exposure from 7 to 70 hours. Mycelial 
ridges, consisting of aggregations of erect, 
aerial, spore-bearing hyphae, alternating 
with areas of sparse, prostrate hyphae bear- 
ing few spores, occurred in cultures exposed 
to certain daily alternations of 34 or 78 f.c. 
of white fluorescent light and darkness 
which followed not more than 3 days of 
darkness. Ridges were formed in cultures 
that received at least eight but not more 
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than 23 hours of light in 24-hour cycles for 
4 or 5 days. Ridges were not formed in cul- 
tures in continuous light or darkness. Con- 
tinuous light resulted in a dense uninter- 
rupted layer of spores and darkness resulted 
in a thick layer of nonsporulating myce- 
lium. Blue light promoted spore formation 
and ridging. 

Sclerotia did not form in cultures in con- 
tinuous white fluorescent light (78 f.c.), but 
a few formed in continuous darkness. The 
best conditions for the formation of sclero- 
tia were provided by a 30-minute irradia- 
tion with white fluorescent light after the 
cultures had grown in darkness 4 days. The 
cultures were returned to darkness and ob- 
served 8 days later. In three experiments, 
that tested the relative effectiveness of red 
and blue lights, more sclerotia were formed 
in cultures exposed to red light; the response 
to blue light was about the same as to dark- 
ness (Fig. 1, middle row). A promotive ef- 
fect of red light has not been previously 
reported, but blue light has been observed 
to be inhibitory for sclerotium formation by 
Botrytis cinera (Reidemeister, 1909), five 
species of Aspergillus (Tatarenko, 1954), 
and Verticillium alboatrum (McClellan, 
Borthwick, Bjornsson, and Marshall, 1955). 

Sporulation of Curvularia __ tribolu 
(Kauff.) Boed. and a dark mycelial strain 
of Stemphylium sp. was promoted in cul- 
tures exposed to continuous white fluores- 
cent light (78 f.c.) as compared with that 
of cultures in darkness. 

Penicillium gladioli MecCull. et Thom. 
produced an abundance of aerial mycelium 
but no spores in continuous far red or in 
darkness. Cultures grown in continuous red 
light formed a few spores but considerable 
aerial mycelium; those grown in blue light 
formed an abundance of spores but no aerial 
mycelium. These results agree with earlier 
reports on several species of Penicilliwm 
(Tatarenko, 1954). 

Stromatinia gladioli (Drayton) Whez. 
formed a greater number ef sclerotia when 
grown in continuous white fluorescent, blue, 
or red light for 4 weeks than in continuous 
darkness. Blue light appeared to be the 
most promotive. 

Rhizoctonia carotae Rader produced scle- 
rotiumlike bodies when grown in continuous 
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white fluorescent light (34 f.c.) either un- 
filtered or filtered with two layers of blue 
or red cellophane, but did not form these 
structures in the dark. 

Diplodia sp. from cotton did not form 
pycnidia during 27 days in the dark, but 
produced these structures under all light 
treatments. Cultures in red light formed 
fewer, larger, and longer-necked pycnidia 
than did those in either blue or white fluo- 
rescent light (78 f.c.). 

Rhizopus sp. formed sporangia abun- 
dantly when exposed continuously to un- 
filtered white fluorescent light or filtered 
blue light from blue fluorescent tubes, but 
both of these kinds of light depressed spo- 
rangiophore elongation. Cultures in red 
light or darkness formed long sporangio- 
phores, only a few of which developed spo- 
rangia. Cultures grown in an alternation of 
eight hours of white or blue fluorescent light 
and 16 hours of darkness produced fewer 
sporangia but somewhat longer sporangio- 
phores than did cultures in continuous light. 

Lenzites trabea (Fr.) Fr. did not form 
basidiocarps during 12 1mmonths in darkness. 
Cultures, each started from a hyphal tip 
and grown in continuous white light for 4 
weeks, also failed to produce fruiting bodies. 
However, if such cultures were given an ad- 
ditional 6 weeks in the light, small, incom- 
pletely developed basidiocarps were formed 
during an additional 4 weeks in darkness. 
They were also formed when filtered red or 
blue fluorescent light—but not far-red—was 
used. Cultures grown on malt agar gave the 
same results. Cultures left in darkness for 
4 or 6 weeks prior to an exposure to filtered 
blue fluorescent light for 11 days or 4 weeks 
produced larger and better-developed ba- 
sidiocarps than did cultures in filtered red 
fluorescent or unfiltered white fluorescent 
light (78 f.c.). An 11-day exposure to light 
was as efficient as a 4-week exposure; 4 
weeks of darkness prior to and subsequent 
to treatments with light were sufficient for 
the response. Ten minutes, 60 minutes, 24 
hours, 7 days, or 14 days of high-intensity 
blue, red, or unfiltered white fluorescent 
light given after 3 weeks of darkness did 
not induce basidiocarp formation, but 14 
days of blue light after 6 weeks of darkness 
effectively induced their formation. L. tra- 
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bea apparently requires 4 to 6 weeks of 
growth to reach the stage of greatest sensi- 
tivity to light for basidiocarp formation. An 
exposure to high-intensity blue light for at 
least 11 to 14 days is required for this in- 
duction. 


An isolate of Trichoderma sp. was ob- § 


tained from Raymond Lukens, Department 
of Botany, University of Maryland. Its 
growth and coloration were the same in 
light and in darkness. Cultures sporulated 
abundantly in light but did not produce 
spores during 96 hours in the dark. The 
growth rate of the mycelium increased with 


increasing temperatures above 4.5° C. until J 


at 32° C. the mycelium became atypical. 
Growth at 21° C. proved satisfactory and 
that temperature was used for the experi- 
ments with light. Alternation of tempera- 
ture induced sporulation of certain species 
of fungi, but sporulation was not induced 
in cultures of Trichoderma grown in dark- 
ness at 21° C. by exposing them to 2° C. for 
one-half hour to 6 hours at the time of their 
greatest responsiveness to light. A pretreat- 
ment at 2° or 27° C. of one-half hour to 6 
hours in the dark did not affect the number 
of spores produced at 21° C. during a sub- 
sequent exposure to light. Cultures started 
from small uniform-size pieces of agar with 
vegetative mycelium or single spores 
reached the stage or size for maximal re- 
sponse when the colony had a diameter of 
about 1.5 em. This was attained after 26 
or 40 hours, respectively, at 21° C. With a 
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RELATIVE INTENSITY 


Fic. 2—Sporulation of Trichoderma sp. as a 
function of different relative energies (value of 1 = 
1.5 f.c.) of white fluorescent light given for 1 min- 
ute. Sporulation expressed in terms of percent 
transmission of light by spore suspension. 
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WAVELENGTH IN ANGSTROMS 


Fic. 3—Action spectrum curve for sporulation 


of Trichoderma sp. at energies of 6 X 10* ergs/cm?. 
Sporulation expressed in terms of percent trans- 
mission of light by spore suspension. 


l-minute exposure to light, the number of 
spores increased linearly with a logarithmic 
increase in intensity from 1.5 to 50 f.c. of 
white fluorescent light (Fig. 2). At least 
100 times as much energy was required for 
cultures of 1.0-cm diameter as for those of 
1.5-em diameter. Twenty-four hours after 
exposure to light the first visible sign of 
sporulation was the occurrence of a white 
ring of swollen hyphal tips 0.6 em wide. 
The outer edge of the ring corresponded to 
the periphery of growth of the culture at 
the time the light was given. In an addi- 
tional 24 hours this ring took on the charac- 
teristic blue-green of fully developed spores. 
With exposure times above saturation for 
sporulation, the spores matured earlier. If 
a portion of the ring of hyphal tips was ex- 
posed to light, sporulation was localized to 
those tips actually receiving light and the 
stimulus was not translocated to the unex- 
posed but otherwise receptive hyphal tips 
(Fig. 1, lower row). Localized responses 
have been reported for the light-stimulated 
formation of pycnidia of Physalospora ob- 
tusa (Fulkerson, 1955) and the initiation 
of fruiting of Coprinus lagopus (Madelin, 
1956). 

Other workers reported that blue light 
was more effective than red for spore pro- 
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duction in cultures of Trichoderma l- 
gnorum (Lilly and Barnett, 1951) and one 
isolate of Trichoderma sp. (Krietlow, 1938). 
Preliminary experiments with cellophane 
filters demonstrated the ineffectiveness of 
the red and far-red wavelengths, and this 
ineffectiveness was verified with the spec- 
trograph. The action spectrum (with inci- 
dent energies of 6 x 10* ergs/em?) showed 
that the most effective wavelengths for in- 
ducing sporulation were 4,300 to 4,900 A. 
A sharp break occurred near 4,800 A and 
sporulation was not induced by wavelengths 
longer than 5,200 A (Fig. 3). 


DISCUSSION 


Numerous reports in the literature clearly 
show that fungi, although heterotrophic, re- 
quire light for control of many features of 
their growth and reproduction. The wide- 
spread sensitivity of fungi to light is em- 
phasized by the results of this study, in 
which 11 of 12 species exhibited one or 
more responses to light. These organisms, 
moreover, were selected at random as far 
as prior knowledge of their sensitivity to 
light was concerned and they were not sub- 
jected to a wide range of conditions during 
their culture. 

The stage of development, age, or size of 
the fungus colony required for maximal re- 
sponse to light, as well as the total energy 
needed for a response, appears to vary with 
type of response and species. The amount 
of energy required for asexual sporulation 
in Trichoderma, for example, differed strik- 
ingly from that required for the same re- 
sponse in Stemphylium, Botrytis and Peni- 
cillium. Trichoderma sporulated after a 
short exposure to low-intensity light, and 
the reaction was easily saturated. These 
results resemble those reported for fruiting 
of Coprinus lagopus (Madelin, 1956). On 
the other hand, spore formation by Stem- 
phylium sp. increased with increase in dura- 
tion of exposure to relatively high-intensity 
light and saturation was difficult to attain. 
Blue light was the most effective for sporu- 
lation of both Trichoderma and Stemphy- 
lium—indicating that a similar pigment or 
pigment system absorbs the energy. The 
difference in the total energy requirement 
might be the result of differences in con- 
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centration of the absorbing pigment, differ- 
ent pathways of metabolism, or still other 
factors. 

Sporulation of the above-mentioned fungi 
did not require a dark period prior to expo- 
sure to light. Responses of certain of the 
others appeared to be preconditioned by a 
dark period. For example, Botrytis gladio- 
lorum responded differently depending on 
its age or stage of development when ex- 
posed to light. Sclerotia were not formed in 
cultures exposed continuously to light, but 
continuous light ultimately induced the 
greatest number of spores. Sclerotia were 
formed in the greatest number if, starting 
from a single spore, cultures received five 
or six days of darkness prior to a 30-minute 
exposure to light. It is not known whether 
the formation of sclerotia was precondi- 
tioned by the dark period or the dark period 
served to suppress the other responses and 
this suppression permitted the formation of 
sclerotia. 

Ridging of Botrytis cultures in response 
to daily cycles of light and darkness oc- 
curred only when more than one cycle was 
used. Reports on this kind of response are 
rare for fungi (Sagromsky, 1952b). Such a 
response resembles photoperiodism in higher 
plants. Photoperiodic responses of higher 
plants, however, are controlled by red and 
far-red wavelength regions of the spectrum, 
whereas cyclic phenomena of fungi appear 
to be elicited by blue light. 

Except for sclerotium formation in Bo- 
trytis, which was stimulated by red light, 
all responses of these fungi were promoted 
best by the blue region of the spectrum. The 
action spectrum for sporulation of T’richo- 
derma showed a peak in the blue wave- 
lengths and a sharp cutoff near 5,000 A. 
These features are similar to those of other 
action spectra reported for fungi, such as 
conidiophore elongation in several isolates 
of Penicillium and Verticillium (Sagrom- 
sky, 1952a; Sagromsky, 1952b), sporophore 
elongation (Biinning, 1953) and trophocyst 
formation (Page, 1956) in Pilobolus kleinii, 
giant conidiophore formation in Aspergillus 
giganteus (Gardner, 1955), formation of 
macroconidia in Sclerotinia fructigena (Sa- 
gromsky, 1952b), fruiting of Coprinus lago- 
pus (Borris, 1934; Madelin, 1956), and ca- 
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rotenoid production in Neurospora crassa 
(Zalokar, 1955). The action spectra resem- 
ble the action spectrum of phototropism and 
the absorption spectra of carotenoids and 
riboflavins. Several pigments from both of 
these groups, along with other pigments, 
have been reported in various species of 
fungi. Recent works (Biinning, Dorn, 
Schneiderhéhn, and Thorning, 1953; Zalo- 
kar, 1955), especially those on metabolic 
inhibitors (Page, 1956) and mutants (Can- 
tino and Horenstein, 1956), appear to favor 
a flavoprotein as the absorbing pigment for 
such reactions to light. 

Further research is required in this field 
to establish similarities and dissimilarities 
between fungi and other groups of plants, 
but fungi appear to have pigment systems 
absorbing mainly in the blue wavelengths, 
whereas green plants appear to possess 
these, for nonphotosynthetic reactions, as 
well as pigment systems absorbing in the 
red and far-red wavelengths. 

SUMMARY 

Light elicited the following responses in 
certain species of fungi: Spore production, 
mycelial growth and coloration, and colora- 
tion of the medium in cultures of a yellow 
mycelial strain of Stemphylium sp.; spore 
production, ridging and formation of scle- 
rotia by Botrytis gladiolorum; and spore 
production by Curvularia trifolii, Penicil- 
lium gladioli, and a dark mycelial strain of 
Stemphylium sp.; formation of pyenidia by 
Diplodia sp.; basidiocarp formation by Len- 
zites trabea; formation of sporangia by 
Rhizopus sp.; formation of sclerotia by 
Stromatinia gladioli; and, the formation of 
sclerotiumlike bodies by Rhizoctonia ca- 
rotae. 

Spores were not formed by Trichoderma 
sp. within a 96-hour period of growth in 
darkness, but they were formed after a 1- 
minute exposure to white fluorescent light 
(1.5 f.c.). Alternation of temperatures nei- 
ther induced sporulation nor increased the 
number of spores produced upon subsequent 
exposure to light. Spores were localized to 
that portion of the ring of hyphal tips ex- 
posed to light. Spore production increased 
linearly with a logarithmic increase in inten- 
sity from 1.5 to 50 f.c. of white fluorescent 
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light. The action spectrum for sporulation 

showed a peak of response to wavelengths 

of 4,300 to 4,900 A, a sharp break near 

4.800 A, and ineffectiveness of wavelengths 

longer than 5,200 A. 

With a possible exception of red-light- 
induced sclerotium formation in Botrytis 
gladiolorum, these responses were induced 
with the shorter (less than 5,200 A) wave- 
lengths of the visible spectrum. 

These findings corroborate the researches 
of other workers concerning the greater ef- 
fectiveness of the shorter wavelengths of 
the visible spectrum and the widespread 
importance of light in the life cycle of fungi. 
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ZOOLOGY .—A new Floridan Pectiniunguis, with re-appraisal of its type species 
and comments on the status of Adenoschendyla and Litoschéndyla (Chilopoda:; 
Geophilomorpha: Schendylidae). R. E. Crasiuy, Jr., U.S. National Museum, 


Smithsonian Institution. 


(Received May 27, 1959) 


In 1889, the year of his untimely death, 
Charles Harvey Bollman proposed a new 
genus, Pectiniunguis, for the reception of 
two species, one of which had been collected 
at Pichilinque Bay,’ near La Paz, at the 
southern end of Baja California; he called 
his new centipede Pectiniunguis americanus 
and declared this species to be the type of 
the genus. This was only the second generic 
name referable to a group subsequently to 
be recognized as a family and called Schen- 
dylidae. 

The Bollman species was reported for the 
second time in 1889 when O. F. Cook col- 
lected what he took to be americanus on the 
Florida Keys; subsequent workers until the 
present time have accepted the validity of 
his identification. It was, however, in error, 
as a recent comparison of the rediscovered 
Bollman type with the Cook material re- 
veals. Final confirmation was possible fol- 
lowing the study of a series of fresh speci- 
mens generously donated to the US. 
National Museum by Dr. H. V. Weems, Jr., 
of Gainesville, Fla. These specimens con- 
stitute the typical series of the new species 
described below. 

Pectiniunguis (as it is defined here) may 
be distinguished from other schendyline 
genera by its possession of the following 
characters: Each coxopleuron has two gland 
pits of the heterogenous type; sternital 
porefields present; second maxillary claw 
bipectinate, the coxosternites not fused 
posterolaterally and posteriorly with the 
postmaxillary sclerites; ultimate pretarsus 
is either absent or minutely tuberculate. In 
1912 Broelemann and Ribaut in a splendid 
monograph employed the same diagnostic 
features and added their own discovery that 
specimens so characterized display two 
kinds of labra. Some of the species, includ- 
ing americanus, they believed, have medial 


* The type locality was originally given as “Pi- 
chiliungue Bay,” a misspelling for Pichilinque Bay. 


labral undulations instead of true alveolate, 
rooted and discrete teeth. They ascribed the 
possession of true medial teeth to other 
species to which they assigned (1911) a new 
generic name, Adenoschendyla; geayt is the 
type species (by subsequent monotypy). 
Following an extended discussion (1912, 
p. 69), they summarized the differences be- 
tween the two labral types as follows: “Are 
médian & ondulations superficielles, appuyé 
& des piéces latérales peu dévelopées en 
avant...” for Pectiniunguis; versus “Are 
médian composé de dents tuberculeuses pres- 
que individualisées et munies d’une racine 
appuyé & des piéces latérales plus or moins 
distinct de la zone prélabiale...” for some 
others including Adenoschendyla. In 1923 
Professor Chamberlin, in the belief that 
americanus has true medial labral teeth, 
showed that Adenoschendyla must fall as 
the junior synonym of Pectiniunguis and 
that this action would leave the species with 
midlabral undulations without a generic 
name. For them he proposed a new name, 
Intoschendyla, designating insulanus (Bro- 
elemann and Ribaut) as its type species. 
In his monograph of 1929 Attems accepted 
the Chamberlin resolution, and the matter 
was apparently closed. The case seems sim- 
ple and convincing; however, the recent ex- 
amination of Bollman’s type and of the six 
types of the present new species provides a 
basis for doubt which is implicit in two 
questions. (1) Since the only intergeneric 
character is said to be the labral one de- 
scribed by the French workers and accepted 
by Chamberlin and Attems, is it really sig- 
nificant and, if so, practical; that is, does 
it represent an intergroup repeatable dif- 
ference in kind as the French authorities 
maintained (and if so will it assist rather 
than confuse the generic assignment of spe- 
cies), or, on the other hand, does this char- 
acter represent a difference in degree which 
is quite variable among closeiy similar spe- 
cies and even intraspecifically (and if so 
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would its use weaken the function of the 
genus as a collective category)? (2) And in 
ease the labral character is really significant 
intergenerically, then to which of the two 
labral types is Pectiniunguis americanus as- 
signable, for the resolution of this question 
determines the zoological content and the 
nomenclatural disposition of all three ge- 
neric pames. 

It cannot be denied that in some species, 
e.g., geayt, there are some, or is at least one, 
specimen with relatively long, discrete me- 
dial teeth, and that in other species the 
medial teeth are blunter, lower, wholly or 
partly fused with each other, e.g., insulanus, 
halirrhytus, n. sp. On the other hand, two 
factors cannot be avoided, interpretative 
subjectivity and inter- or intraspecific vari- 
ability. The labrum is normally directed 
ventroposteriorly, so that looking down upon 
it one sees it at an angle and not in perfect, 
flat outline; consequently the interdental fis- 
sures can appear shorter than they are, or 
absent when they are present, or they may 
not even be recognized as fissures. There- 
fore one person might decide that the teeth 
are labral undulations that are connected 
with each other or continuous; another, see- 
ing the same specimen but under different 
conditions of preparation and magnifica- 
tion, could report quite a conflicting im- 
pression. The character, then, is capable of 
being interpreted in quite a highly sub- 
jective manner. Secondly, in my series of 
halirrhytus I have observed considerable 
labral variability, ranging from a typically 
“undulate” condition to one in which the 
medial structures seem typically toothlike, 
being discrete and apparently rooted. Yet 
five of the six specimens were collected at 
the same time from the same pile of sea- 
weed, and all agree most minutely in other 
significant respects. I suggest that the labral 
difference, at least in some species and con- 
ceivably in many or in all, is one of de- 
gree, not of kind; that is, in some species 
(A) the teeth are long and tend to be or are 
well separated (e.g., geayt), whereas in some 
others (B) the teeth are shorter, blunter and 
are discrete or quite variously fused (e.g. 
insulanus, halirrhytus). Given a suitable 
series of any species, considerable varia- 
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bility within each of these two categories, 
A and B, might reasonably be anticipated. 
It seems most significant to me that, guided 
by the Broelemann-Ribaut criteria as ap- 
plied to halirrhytus, one could, if he had 
only one specimen at his disposal and not a 
series, assign the holotype to Litoschendyla, 
some paratypes to Pectiniunguis and feel 
quite uncertain of the allocation of some 
others. If it is really the case that this labral 
character is a concomitant of supraspecific, 
e.g. generic, grouping, then either it is not 
now sufficiently refined, or else no degree of 
refinement can make of it a reliable indicator 
of supraspecific affinities. The reasonable 
solution seems provisionally to be to unite 
both kinds of species within one genus, de- 
fining the labral characters rather broadly 
and characterizing them as involving mid- 
iabral teeth that are either (A) low, blunt, 
nodular, separated or variously fused; or 
(B) longer, more or less well defined, es- 
sentially or clearly discrete. This is not to 
suggest that two monophyletic groups, gen- 
era let us say, are not actually involved, 
only that if they are, existing criteria seem 
inadequate for distinguishing them in a sat- 
isfactory manner. For practical purposes of 
preliminary classification it seems best for 
the time being to include all under the senior 
generic name. 

The second question concerns the affinity 
of americanus, the type species of Pec- 
tiniunguis. Without any question its mid- 
labral area is much more like that of insula- 
nus and halirrhytus than that of geayi. Its 
midlabral teeth are low, rather nodular, 
some have interdental fissures but some do 
not (Fig. 5). The very distinct fissures sepa- 
rating the most central teeth from those 
adjacent seem to be artifacts owing their 
existence to the fact that the greatly arched 
labrum was crushed perfectly flat in the 
preparation of the microscopic slide by 
Cook or Collins. Therefore the present opin- 
ion is that careful scrutiny at high magnifi- 
cations (450 x) favors the original arrange- 
ment of Broelemann and Ribaut, so that if 
future studies provide new support for a 
division of Pectiniunguis into two genera, 
like that of 1912, one would be Pectiniun- 
guis Bollman, 1889, type species americanus 
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Bollman, 1889 (teeth nodular, short, vari- 
ously fused); the other, Adenoschendyla 
Broelemann and Ribaut, 1911, type species 
geayt Broelemann and Ribaut, 1911 (teeth 
longer, more or less discrete, typically denti- 
form rather than nodular): Litoschendyla 
Chamberlin, 1923, type species insulana 
(Broelemann and Ribaut), 1911 (teeth nod- 
ular or undulate, interdental fissures ob- 
secure or absent), would then fall as a junior 
subjective synonym of Pectiniunguis. 


Pectiniunguis halirrhytus, n. sp. 


On the basis of the limited evidence in the 
literature and the direct evidence derived from 
study of the type of americanus, it seems proba- 
ble that the new species is most like the Bra- 
zilian geayi (Broelemann and Ribaut), the 
Colombian chazaliei (Broelemann), the Cuban 
insulanus (Broelemann and Ribaut) , the Guianan 
gaigei (Chamberlin), and the Lower Californian 
americanus Bollman. In all, the leg-pair range 
is roughly similar, and the sternital porefields 
are undivided and extend in an unbroken series 
to one of the latter body segments. 

In both geayi and gaigei the basal prehensorial 
article bears a tiny denticle, the porefields are 
subcircular or circular on all sternites, the mid- 
labral teeth are, at least in the types, relatively 
long, narrow and apparently typically dentiform ; 
at least geayi lacks a clypeal area: in halirrhytus 
no prehensorial article has any denticle what- 
ever, the porefields are transversely elliptical to 
subtriangular becoming subcircular only on the 
rear sternites, the midlabral teeth are in some 
specimens typically dentiform but in others 
crenulate or undulate, in all they are nodular, 
short and broad. Like the new species, insulanus 
and chazaliei have short, broad midlabral teeth, 
but in both there are four mandibular dentate 
blocks, whereas in halirrhytus there are consis- 
tently only three. Moreover, in chazaliei the 
clypeus is not separated from the buccae by 
(paraclypeal) sutures, but in halirrhytus these 
sutures are prominent and complete, so that 
clypeus and buccae are separated; in insulanus 
the porefields are absent on the last four ster- 
nites, but in halirrhytus there is a tiny poregroup 
on the penult sternite. 

Perhaps Bollman’s americanus is most like 
halirrhytus; though the two are quite similar in 
many respects, they also differ rather strikingly 
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in certain characters. In americanus: there is 
prominent subsurface dark pigmentation mani- 
festating itself dorsally as a geminate longi- 
tudinal band, ventrally and laterally as dark 
blotches; the pretarsal accessory claws are equal 
in length and are not more than half as long 
as the claw proper which is robust, rather blunt 
and only slightly curved; the legs’ femora and 
tibiae ventrally are only sparsely setose and 
are not more setose than the other articles; 
the ultimate sternite is relatively broader and 
shorter; the ultimate pretarsus is small but 
evidently discrete and distinctly tuberculate. In 
halirrhytus; there is in the typical series’ no 
dark subsurface pigmentation whatever; the 
pretarsal accessory claws differ markedly in 
length, the larger of the two being more than 
three-fourths the length of the claw proper 
which is quite thin, well curved and pointed 
apically; the legs’ femora and tibiae ventrally 
are clothed very densely with fine setae but 
the other articles are not; the ultimate is rela- 
tively longer and narrower; the ultimate pre- 
tarsus is intimately fused with the tarsus (or else 
it is absent) but in any case is not discrete and 
typically tuberculate. It seems unlikely that 
there are pleural differences too. The Cook and 
Collins representation of the pleural region of 
americanus (their Fig. 3) shows 4 gamma to 
be absent, but a re-examination of the Bollman 
type shows that it is present, just as it is in 
halirrhytus. 

Holotype :—female. Florida: Monroe County, 
Big Pine Key; in beach seaweed; December 30, 
1957, H. V. Weems, Jr., leg. In U.S. National 
Museum Myriapod Collection, no. 2548. 

InTRopucTORY. Total length, ca. 49 mm. Pedal 
segments, 59. Body shape: anterior quarter of 
body slightly attenuate, posterior third more 
conspicuously so. Color: head antennae and pre- 
hensorial segment pale orange-yellow; tergites, 

*In 1899 Cook reported that some of his Florida 
Key specimens of what he called Pectiniunguis 
americanus had dorsal dark geminate bands. Hav- 
ing re-examined his material, I find that apart from 
the specimens of halirrhytus, all pale in color, there 
are at least two other species, the banded Poly- 
cricus marginalis (Meinert), and another species of 
Pectiniunguis which is weakly banded but whose 
identity is quite questionable owing to the ex- 
tremely poor condition of the material. These spec- 
imens seem rather like the true americanus; how- 
ever their present state of preservation precludes 


a confident assignment to that or any other spe- 
cies. 
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pleurites paler yellow ; legs and sternites varying 
from very dilute yellow to white; body entirely 
without subsurface dark bands or blotches of 
pigmented cells. 

ANTENNAE. Length (in Hoyer’s mountant), 
49 mm. Shape: distally very slightly attenuate; 
each article but the first slightly longer than 
wide. Setae (dorsal aspect): first 4-5 articles 
with few short setae, each with 2 circlets of long 
setae; articles 5 or 6 through 14 each densely 
finely setose. Special sensilla: fourteenth article 
with an elongate patch of spatulate setae on 
outer distal half (these absent on medial sur- 
face); a dorsal patch of short stiff special setae 
on articles 14, 9, 5, (2?). CepHatic Pate (Fig. 
12). Length, 1.3 mm; greatest width, 1.2 mm. 
Shape: dorsal surface inflated or domed, not 
flat; anterior margin essentially rounded; sides 
very slightly incurved and distinctly convergent 
posteriorly; posterior margin straight. Setae 
very few, these moderately long. Areolation: 
coarse and deep on anterior dorsal lateral third, 
approximately the dorsal and lateral two-thirds 
smoothly shallowly areolate. Frontal suture en- 
tirely absent ; with two essentially parallel para- 
median sulci passing from posterior margin of 
plate forward for about half its length. Prebasal 
plate exposed for its entire width, very narrowly 
laterally, widely at middle. CLypevus. Paraclypeal 
sutures conspicuous, wide, complete from an- 
tennal sockets to outer edge of each labral 
fultura (Kommandibulares Geriist). Surface 
swollen ventrally especially in region of labrum. 
Each bucea (pleuron of some authors) glabrous, 
well defined, with a prominent transbuccal su- 
ture running perpendicular to long head axis at 
level of fultura. Clypeus anterocentrally with 
a large, well-defined but essentially elongate 
ovate to flask-shaped elypeal area, this identified 
by its smaller, much paler areolate figures be- 
tween which minute glandular pores open (seen 
only at 450 x). Without areas of consolidate 
areolation (plagulae). Setae: postantennals, 2; 
posterior geminate setae (just anterior to la- 
brum), 2, minute; midelypeals rather robust, 
9 on each side, in two poorly defined transverse 
rows on anterior quarter of clypeus, the two 
medialmost setae occupying the aforementioned 
clypeal area. Clypeus adjacent to labrum swol- 
len, the areolation here heavier, darker. LaBRuUM 
(Fig. 7). Zn situ its free margin is strongly di- 
rected posteroventrally, the lateral ends bulg- 
ing laterally, cleft, heavily sclerotized. Central 
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are separated from clypeus by a narrow mem- 
branous suture, with 4 low, irregular, blunt, 
nodular teeth, some of these not distinctly sepa- 
rated from each other, vaguely anchored to 
clypeus, the 4 nodular teeth flanked on each side 
by one weakly pointed tooth. Lateral part of 
labrum on each side indistinctly separated from 
central are but fused without suture to adjacent 
clypeus and continuous with it, each side of 
labrum with about 7 teeth, each tooth firmly 
anchored, broad, essentially separated from the 
one adjacent, each with a relatively long and 
very sharp medially directed extension. Man- 
DIBLE (Fig. 1). Dentate lamella in 3 distinct, 
heavily sclerotized blocks, dentition 2-3-3, the 
innermost block (in situ, ventralmost) partly 
overlapped by the row of simple hyaline 
teeth, these numbering some 23, each sharply 
pointed. First Maxruiae (Fig. 10). Coxoster- 
num coarsely areolate, without medial sulcus or 
suture; setae as shown. Coxosternal lappets 
thick, short, mostly concealed, reaching level 
of base of second telopodite article; areolate, 
not fibrous or squamulate. Medial lobes sub- 
triangular, without apical nipples, distal half 
membranous. Telopodite biarticulate, broad, api- 
cal rounded; lappets concealed, thick, curved, 
areolate, not fibrous or squamulate, not ex- 
ceeding end of telopodite. Seconp MAXILLAE 
(Figs. 6, 10). The coxosternites very broadly 
joined by an isthmus, this medially narrowly 
continuous with Ist maxillary coxosternum. 
Postmaxillary sclerites (pleura of some authors) 
separated from posterior outer corners of max- 
illae by a broad membranous suture on each 
side; inner corner not reaching metameric pore 
opening, outer part not surpassing level of afore- 
mentioned suture. Telopodite: 1st article basally 
with a ventral and a dorsal condyle, inner and 
outer margins essentially parallel; third article 
much longer than second; apical claw robust, 
very long, distally strongly attenuate and api- 
cally incurved, with a dorsal and a ventral comb 
of long thin flat hyaline teeth. ProsterNuM (Fig. 
11). Anteriorly broadly diastemate, not denticu- 
late; entirely without midlongitudinal sulcus. 
Pleura very broad; pleuroprosternal suture 
strongly oblique, the adjacent prosternal margin 
thickened as shown; sclerotic lines absent. Setae 
few and moderate in length. Anterolateral cor- 
ners smoothly areolate, the remainder coarsely 
deeply so. PREHENSORIAL TELOPODITE (Fig. 11). 
When closed, not exceeding front margin of 
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head. 1st article rather short and broad, with- 
out a denticle; second and third articles with- 
out denticles; tarsungula basally with a typical 
denticle but with a broad pale fold somewhat 
resembling a denticle; claw relatively long and 
curved, neither its dorsal nor ventral edges 
serrulate. Poison calyx extremely long and thin, 
the lower end abruptly deflected laterally; poi- 
son gland long and pointed, terminating pos- 
teriorly near base of trochanteroprefemur. 
Teraites. Basal plate centrally neither fove- 
ate nor sulcate; peripherally darker yellow, the 
areolation smoother, centrally whiter, the areo- 
lation coarser and deeper. Remaining pedal 
tergites (except the ultimate) each shallowly 
but distinctly bisulcate, sparsely setose. PLEU- 
RITES (Fig. 14). Coarsely areolate, very sparsely 
setose. All spiracles strongly elliptical, their axes 
horizontal. Series 1, 2, and 3 complete; 1 alpha 
is divided; 4 alpha evidently not discrete (i.e., 
not present); 4 gamma and 5 gamma are pres- 
ent, conspicuous. Legs (except ultimate) (Fig. 
3). Ventral vestiture: femora and tibiae of legs 
3 through penults very densely, finely setose; 
setae of remaining articles long and notably 
fewer in number. Posteriorly the legs become 
progressively thinner and longer. Pretarsi very 
thin (compressed side-to-side), distally strongly 
curved and apically sharply pointed; anterior 
accessory claw very long, at least three-fourths 
as long as claw proper, posterior accessory claw 
conspicuously shorter than the anterior, both 
accessory claws robust and pointed. STeRNITES 
(Fig. 2). Porefields absent on the first but pres- 
ent on pedal sternites 2 through penultimate; 
last two porefields minute, each consisting of a 
few pores; porefields all undivided, those of 
anterior body third subelliptical to subtriangu- 
lar, becoming wider side-to-side and developing 
rather pointed lateral ends, on posterior body 
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third becoming rounder and smaller. Ventro- 
pleural subcoxal sclerites without porefields, 
Sternites of anterior one-third to one-half of 
body each with a very shallow transverse de- 
pression. 

UttmatTeE PepaL SEGMENT (Figs. 9, 13). Pre- 
tergite concealing anterior portion of coxapleu- 
ron; broadly fused with its pleurites, laterally 
not suturate. Tergite much broader at midlength 
than long; sides essentially straight and strongly 
convergent posteriorly; rear margin truncate. 
Presternite distinctly suleate medially. Sternite 
width at midlength about equal to greatest ex- 
posed length; sides essentially straight, rear 
margin broadly evenly excavate; whole surface 
considerably swollen; rather densely clothed 
with short stiff setae, especially posteriorly, as 
shown. Coxopleuron as seen above exposed pos- 
terolaterally; the whole structure slightly swol- 
len; posterior ventral half densely setose, the 
anterior lateral and dorsal parts with many 
fewer setae; each coxopleuron with 2 large ven- 
tral, concealed glandular pits, each pit with a 
large concealed exit and internally with numerous 
inclusive canals and glands (heterogenous type). 
Ultimate leg with 6 articles distal to coxopleuron; 
tarsus biarticulate, the articles thin and long; pre- 
tarsus either absent or so intimately fused with 
tarsus as to be indistinguishable; femur and tibia 
slightly flattened dorsally and moderately swol- 
len ventrally; all articles dorsally with moder- 
ate vestiture but trochanter, prefemur, femur 
and tibia ventrally very densely finely setose, 
setae of tarsi long and less numerous. 

PosTPEDAL SEGMENTs (Fig. 9). Gonopods uni- 
articulate, flat, wide, medially contiguous. Ter- 
minal pores absent. 

Allotype :—male. See collection data for holo- 
type. The male allotype agrees closely with the 
holotype but differs significantly as follows. 





Fias. 1-14.—Holoty 
halirrhytus (HT): mandible. 


rhytus (HT): representative pretarsus from anterior third of body. 
5, americanus (HT): central portion of labrum. Ventral 


tive pretarsus from anterior third of body. 
aspect. 


ultimate 


(HT 
setae of maxillae shown. 


aspect. Setae deleted. Poison calyx and poison gland outlined in dashes within oe ensor. 
rhytus (HT): cephalic, prebasal, and basal ao Cephalic paramedian sulci s 
): tip of second tarsal article of ultimate leg. 


and antennae deleted. 13, halirrhytus (H 


6, halirrhytus (HT): left claw of second maxillae. 
labrum. Ventral aspect. 8, hallirrhytus (PT): left half of labrum. Ventral aspect. 
dal segment and postpedal segments. Ventral. Setae shown only on right presternite, sternite, 
postpedal segments, and femur. Hidden glands and gland pits shown in dashed lines. 

NS first and second maxillae with postmaxillary sclerite and adjacent cephalic plate; left side. All 
11, halirrhytus (HT): right prehensor and right side of prosternum; ventral 


(HT) and paratype (PT) of halirrhytus and holotype (HT) of americanus: 1, 
2, halirrhytus (HT): sixth pedal sternite. All setae shown. 
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9, halirrhytus (HT): 
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Fias. 1-14.—(See opposite page for legend). 





Length, 49 mm. Pedal segments, 55. Clypeus: 
midelypeal setae 9 + 10; posterior geminate 
setae absent. Labrum: medial are wider, with 
8-9 nodular undulate teeth, the interdental fis- 
sures between some absent, between others very 
vague, the suture separating the central arc 
from clypeus proportionately longer; lateral 
teeth about 5 on each side. Ultimate pedal seg- 
ment: all leg articles conspicuously swollen ven- 
trally and laterally, the prefemur, femur and 
tibia markedly flattened dorsally; all articles 
very densely finely clothed ventrally with stiff 
setae. Postpedal segments: gonopods biarticu- 
lare, long, projecting well beyond rear of body, 
basally widely separated. 

The following paratypes differ from the holo- 
type in the significant characters cited: 

Paratype A: female. See collection data for 
holotype. Length, 62 mm. Pedal segments, 57. 
Prebasal plate very broadly exposed. Midclypeal 
setae right 12, left 7; posterior geminate setae 
present, minute. Labrum: central are with 7-9 
blunt, low broad teeth, these sharply separated 
from each other by deep, narrow interdental fis- 
sures; each lateral part with 8-10 broad, weakly 
pointed teeth. Mandibular dentate blocks 3, den- 
tition 2-3-3. 

Paratype B: male. See collection data for 
holotype. Length, 52 mm. Pedal segments, 57. 
Prebasal plate very narrowly exposed. Mid- 
clypeal setae right 7, left 7; only one minute 
posterior geminate seta present. Labrum: central 
are with 8-10 blunt low teeth, these with short, 
narrow but distinct interdental fissures; each 
lateral labral part with about 8 teeth, some with 
long apical points, some lacking them. Man- 
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dibular dentate blocks 3, dentition 3-3-3. Coxo- 
pleural pits fully exposed, not concealed. 


Paratype C: female. See collection data for j 


holotype. Length, 42 mm. Pedal segments, 55. 
Prebasal plate very narrowly exposed, nearly 
concealed. Milclypeal setae 9 + 9; only one 
posterior geminate seta present and this seems 
vestigial. Labrum: 8 teeth on central arc, these 
with shallow interdental fissures, blunt, low, 
broad; lateral teeth about 7 on each side. Man- 
dibular dentate blocks, 3, dentition 2-3-3 (left), 
3-3-3 (right). 

Paratype D:—female. Florida: Monroe 
County, Flamingo; May 3, 1958; R. 8S. Swanson 
and C. F. Dowling, leg. Length, 64 mm. Pedal 
segments, 57. Prebasal plate well exposed. Mid- 
clypeal setae right 11, left 9; with two minute 
posterior geminate setae. Labrum: central are 
with 4-5 blunt broad teeth, the interdental fis- 
sures very shallow or else absent (Fig. 8); lat- 
eral teeth strongly pointed, 9-10 on each side. 
Mandibular dentate blocks 3, dentition 2-3-3. 
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The beliefs which we have most warrant for, have no safeguard to rest on, 
but a standing invitation to the whole world to prove them unfounded. If the 
challenge is not accepted, or is accepted and the attempt fails, we are far 
enough from certainty still; but we have done the best that the existing state 
of human reason admits of; we have neglected nothing that could give the 
truth the chance of reaching us: if the lists are kept open, we may hope that 
if there be a better truth, it will be found when the human mind is capable of 
receiving it; and in the meantime we may rely on having attained such ap- 
proach to truth, as is possible in our day. This is the amount of certainty at- 
tainable by a fallible being, and this is the sole way of attaining it—Joun 


Stuart MIL. 
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NOTES AND NEWS 


R. E. SNODGRASS HONORED 


The Smithsonian Institution has recently pub- 
lished a volume, Studies in invertebrate mor- 
phology, in honor of Dr. Robert Evans Snod- 
grass, one of the world’s leading insect 
morphologists, on the occasion of his 84th birth- 
day, which occurred last July 5. Longtime en- 
tomologist of the Bureau of Entomology of the 
U. S. Department of Agriculture, Dr. Snodgrass 
officially retired in 1945, but he has continued 
his scientific work at the U.S. National Museum, 
holding the position of honorary collaborator of 
the Smithsonian. He has been active in the sci- 
entific life of Washington for more than half a 
century and was one of the prominent contribu- 
tors to this JourNAL’s predecessor, the Pro- 
ceedings of the Washington Academy of Sci- 
ences. 

The Festschrift just published contains a bio- 
graphical account of Dr. Snodgrass written by 
Dr. Ernestine B. Thurman, who also compiled 
his bibliography, covering the years from 1896 
to 1958. These are followed by contributions 
from 17 of the some of world’s most eminent 
scholars in the field of invertebrate morphology. 

One outstanding chapter in the series, for ex- 


ample, is by Prof. C. 8. Carbonell, of the Uni- 
versidad de la Republica, Uruguay, who de- 
scribes the anatomy of the South American 
grasshopper Marella remipes. This strange in- 


sect, at least from an evolutionary viewpoint, in 
the process of changing from a land to a water 
animal. It has acquired, chiefly through changes 
in body structure, ability to swim easily both on 
or under the surfaces of ponds and stagnant 
streams. It passes considerable time totally sub- 
merged among aquatic plants, to whose stems it 
clings to avoid floating back to the surface. Its 
eggs are laid under water, where they adhere to 
the under surfaces of floating leaves. Thus far 
specimens of this water grasshopper have been 
found in Argentina, Uruguay, eastern Peru, 
British Guiana, and Surinam, and it probably 
is actually much more widely distributed but 
ordinarily would not attract notice. It is nor- 
mally an air-breathing creature which lives on 
the floating leaves of water lilies. It eats these 
leaves from the flat surfaces—never from the 
edges as would be characteristic of most grass- 
hoppers. The peculiar aspect of the partially 
eaten leaves is so characteristic as to betray the 
presence of the insects before they actually can 
be seen, Dr. Carbonell says. From an anatomical 
viewpoint, he says, the creatures show notable 
adaptations to locomotion in water, especially in 
the structure of the hind legs which are “oar- 
shaped.” Other changes from the conventional 
grasshopper iorm are less striking, but all are in 
the direction of adaptation to aquatic life. 





Another noteworthy contributor to the Snod- 
grass volume is Dr. K. D. Roeder, of Tufts Uni- 
versity. His thesis is that insects can not afford 
to “learn,” that there is not room in their bodies 
for the spare nerve cells that apparently are 
essential for learning—that is, modification of 
behavior due to individual experience. Hence 
their quite limited nervous systems are con- 
structed for extremely rapid, quite stereotyped 
innate responses to avoid predators or to capture 
their own prey. Admittedly, Dr. Roeder says, 
there is little understanding of the neurological 
basis for the process known as learning in higher 
animals. It is generally believed, however, that it 
involves the capacity for a very great number 
of combinations, or interactions, between neu- 
rons, the basic units of the central nervous sys- 
tem. The number of such interactions which is 
theoretically possible must depend to a great 
extent on the actual number of nerve units 
which are available. There must be a very great 
number of these in organisms with a high learn- 
ing capacity. 

The insect, however, apparently has ro neu- 
rons to spare. It must depend on an all-or-none 


response to a stimulus. Dr. Roeder compares it 
with the ringing of an alarm bell in a fire station. 
The firemen do not know whether it is a big fire 
or a little fire. They spring to action at once. 
Their behavior is modified later, of course, by 
the kind of fire—a blaze in a trash barrel or the 
conflagration of a city block. They have 
“Jearned” from experience. 

Notable in the insect anatomy are giant nerve 
fibers—considerably larger than any individual 
fibers found in mammals or birds—leading from 
the outside of the body to the brain. Such an 
“axon” can transmit only one impulse at a time. 
In higher animals a nerve transmitting “wire” 
is made up of many much finer fibers, each of 
which can carry its own message. But the insect 
does not need a lot of description of the cause of 
its alarm. It does not need to know color, shape, 
size, odor, ete. It is recognized, says Dr. Roeder, 
that a single large fiber transmits a nerve im- 
pulse more rapidly than a bunch of fibers. In the 
insect nervous system abundance of information 
has been sacrificed for speed of response. The 
response itself is built into the nervous system 
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of the particular insect race, presumably the re- 
sult of millions of generations of evolution. It is, 
by and large, invariable after the nerve impulse 
is received. The insect need not think what to do. 
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This would take time, measured in thousanc 
of seconds. This the insect cannot afford, for j 
its world the difference of a millisecond may 
the difference between destruction and surviv; 





KATMAI AREA DESCRIBED 


Nearly half a century ago a large Alaskan 
valley was covered completely wit. the debris 
and hot ashes of one of history’s greatest volcanic 
eruptions. All vestiges of life were consumed by 
fire. At the most, a bare trace of vegetation in 
a few sheltered spots may have survived. Thus 
was created an area believed quite comparable 
to the ancient surface of the earth before the 
most primitive forms of plant life first appeared. 
Plants presumably constituted the base from 
which has been built through a billion or more 
years the great pyramid of terrestrial life. The 
steaming, smoking, lifeless valley offered sci- 
entists an opportunity to observe firsthand an 
obviously telescoped re-enactment of the funda- 
mental phenomenon of replacement of life on 
the planet. The area was the Valley of Ten 
Thousand Smokes, now part of the Katmai 
National Monument in southwestern Alaska. 


The progress through half a century is re- 
corded in a report recently published by the 
Smithsonian Institution of a systematic biologi- 
eal survey of the region by Victor H. Cahalane, 
former chief biologist of the National Park Serv- 
ice, and now Assistant Director of the New York 
State Museum. It results from a survey of the 


Katmai area by the National Park Service, 
starting six years ago and financed largely by 
the Office of Naval Research. One of the im- 
portant objectives of the survey was to gather 
data on useful or poisonous plants, dangerous 
animals, and other information that might serve 
military needs from the survival aspect. 

The first surveys, started about five years 
after the volcanic eruption, were carried on by 
a series of National Geographic Society expedi- 
tions. It was found that in this relatively brief 
period life had started to reassert itself amid 
the smoking desolation. The National Geo- 
graphic Society explorers found in favorable 
spots patches of the quite primitive form of 
mosses known as liverworts. Through successive 
expeditions up to about 20 vears ago these liver- 


worts and a few other quite primitive pla 
forms expanded luxuriantly as the ashes coole 

For the next two decades the progress w 
not followed by scientific observers. Mr. Ca 
lane and his associates resumed where the forme 
explorers had concluded their work. They founé 
according to the Smithsonian report, that th 
ancient mosses had almost completely disap 
peared. The gradual cooling of the soil p 
sumably had produced a condition unfavorab 
for their survival. But higher plants, includia 
some flowering species, have gained a precario 
foothold. Altogether 35 species were collected, 
including several grasses, dwarf willows, and th 
lovely Arctic poppy and dwarf fireweed. Most 
of these, according to the report, apparently a 
holding their own. From year to year conditio 
presumably will become more favorable fof 
them. 

In most cases, it is likely, seeds were blown iff 
from outside the area. The investigator, however, 
found several “plant islands.”’ These are in areas 
that presumably were slightly protected from 
the fall of hot ashes and may be survivals of the 
original vegetation of the region, concerning: 
which nothing is known. 

Henceforth the re-vegetation of the valley 
will be followed from ‘year to year. Plots, each 
with its own limited plant growth, have been 
staked out and will afford bases for observing 
the development under the varying conditions 
which now obtain. 

The animal life present before the eruptions 
was unable to survive them, but since then the 
area has been increasingly re-invaded by the 
same species from nearby areas. In due time it 
may be expected to show once more a faunal pic- 
ture more or less like the original one. So far as 
human beings were concerned, the report says, 
there could have been at the most only a few 
scattered Eskimo villages farther away, the in- 
habitants of which had sufficient warning of the 
coming catastrophe so that they were able to 


escape. 
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